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The  meeting  was  caUed  to  order  by  the  president,  W.  T. 
Snyder,  at  10 :30  A.  M.,  Monday,  September  18th,  1916. 

Ck>mmittee  reports  for  the  year  of  1916  follow : 


REPORT  OF  MEMBERSHIP  COMMFETEE 

Hon.  Act.  Assoc.    Total 

Admitted 0  88  75        118 

Resigned 0  2  7           9 

Dropped,  non-payment  of  dues 0  1  2           8 

Deceased... 0  0  8           8 

Reinstated 0  Oil 

Changed  to  Associate 0  3  0           8 

Changed  to  Active 0  0  1           1 

Total  Membership,  Jan.  1,  1916 6  110  239        355 

Total  Membership,  Dec.  31,  1916 6  143  305        454 

Gain  for  year,  members 0  33  66          99 

Gain  for  year,  per  cent 0  30%  27.6%    28% 

The  report  shows  38  Active  and  75  Associate  members 
were  admitted  during  ihe  year.  One  Associate  member  who 
resigned  was  reinstated,  making  a  gain  of  38  Active  and  76 
Associates,  a  total  gain  of  114  members. 

The  loss  in  members  was  3  Active  and  12  Associate,  a 
total  of  15 ;  leaving  a  net  gain  for  the  year  of  33  Active  and 
66  Associate,  a  total  of  99. 

While  the  membership  increase  for  the  year  is  in  exact 
ratio  of  two  Associates  to  one  Active  member,  the  percent- 
age increase  in  the  total  membership  is  30%  for  Active, 
27.6%  for  Associate,  and  28%  for  the  entire  membership. 

Respectfully  submitted, 

W.  0.  Oschmann, 

Chairman. 
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MINUTES:    1916  CONVENTION 


SECRETARY'S    REPORT 


Following  i«  a  list  of  meetings  held  in  Pittsburgh,  Cleve- 
land and  Philadelphia  in  1916  to  date. 

Pittsburgh  Meetings. 

January  15th,  1916,  Seventh  Avenue  Hotel.  At  this 
meeting  two  addresses  were  given ;  one  by  the  president,  W. 
T.  Snyder,  entitled  "Objects  and  Scope  of  the  A.I.  &  S.E.E." 
and  one  by  Mr.  Paul  Lincoln  of  the  Westinghouse  Electric  & 
Mfg.  Co.,  entitled  "Reminiscences  of  Niagara."  This  meet- 
ing had  a  total  attendance  of  62. 

February  19,  1916,  Seventh  Avenue  Hotel.  At  this 
meeting  an  address  was  given  by  Mr.  L.  R.  Palmer,  Chief 
Inspector,  Dept.  of  Labor  and  Industry,  State  of  Pennsyl- 
vania,  on  "The  Pennsylvania  Department  of  Labor  and  In- 
dustry, the  National  Safety  Council  and  Accident  Preven- 
tion", and  an  address  by  our  President,  W.  T.  Snyder,  on 
"Review  of  Safety  Work  of  the  A.I.  &  S.E.E."  Attendance, 
86. 

March  18, 1916,  Seventh  Avenue  Hotel.  Under  the  aus- 
pices of  the  Central  Station  Power  Committee,  Clark  S. 
Lankton,  chairman.  Ihe  meeting  was  devoted  to  "Import- 
ant Points  in  Consideration  of  Central  Station  Power  for 
Steel  Mills,"  and  Joseph  McKinley,  of  the  Duquesne  Light 
Co.,  opened  the  meeting  by  reading  a  paper  entitled,  "The 
Use  of  Central  Station  Power  Service  in  Steel  Mills",  after 
which  other  contributions  and  discussions  followed.  At- 
tendance 110. 

April  15,  1916,  Fort  Pitt  Hotel.  Under  the  auspices  of 
the  Electrical  Development  Committee,  S.  C.  Coey,  chair- 
man. The  meeting  was  devoted  to  "Latest  Development  in 
New  Apparatus  and  Appliances,"  and  discussion.  Attend- 
ance, 76. 

May  20,  1916,  Fort  Pitt  Hotel.  Under  auspices  of  the 
Standardization  Committee,  F.  D.  Egan,  chairman.  The 
meeting  was  devoted  to  a  discussion  on  standardization  rules. 
Attendance,  72. 

June  17,  1916,  Ft.  Pitt  Hotel.  Under  the  auspices  of 
the  Educational  Committee,  Charles  A.  Menk,  chairman. 
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Bdocitioiial  work  of  the  General  Electric  Qk,  Westinglioase 
Ekctiic  &  Mfisr.  Co,  H<Miiestead  Steel  Co^  Carnegie  Techni- 
cal Schools  and  the  University  of  Pittsburgh  wms  eTplained, 
Attendance,  9S. 

Directors*  Meetinirs  only  were  held  in  July  and  August. 

October  21st  191 6«  Ft.  Pin  Hotel  This  meeting  wms  a 
joint  session  with  the  Pittsburgh  Section  of  the  A.  L  K  R 
The  meeting  was  devoted  to  the  reading  and  further  discus- 
sion of  the  iviper  entitled  •Ventral  Station  Power  for  Steel 
XiDs."^  which  was  read  at  the  Chicagv^  Convaition.    Attend- 

Xovemher  l$th.  1916.  Ft.  Pin  Hotel  Mr.  David 
Wright  Power  i  Mining  IV7:.,  General  EHectric  Co^  pre- 
s»«n»d  a  ivn^vr  entitJed  -VarjiMe  Sj-ieei  A-C  Mot<»s  for 
MiD  I>rive.^    Attendance  TK 

iVeemher  16th.  1916.  Fl  Kr:  Ho:el  The  meeting 
w:fts  dewMed  to  the  presentation  of  a  "SMcfication,"*  by  F. 
R  E^nm.  for  St^^ri  Mill  Cranes.    Ar:eg>dui:e  75. 

CVwlMfhi  Ma,Y  6. 1 916.  H^^td  Setter.  Tl*  meeting  was 
devi^5ie»d  ri>  a  disjc^ussixvn  i^n  Owitial  Sta:5cci  Power  for  Steel 

Mills  ajid  iTK^Mstrial  TUntu^     Af*e3>dta«. 


M^  6.  Ii^l6.  HiNty^l  A^VlyvViX.    Jlar)<^  A.  Sbefwrd,  of 

lirt^  isho^\AT\?  Klooirii-'  i>:ftn^  a:?).?  Hrcs:   iVi^  iWbS  a  paper 
«>titJ^.3  ^Th^  KW^Tv  <>w«^  :iTJ  tJrf^  S^twC  liOs..^    Attend- 

JIttw  J^s  1:!^16.  0^^).^Yi^ii,?^  M^n^'^I.      M.  I.  XBSim.  Sonth- 

TiirhiW'^  VfWvVif ,  1  s'^t^  l>ry^:i^!5ii:rr  a'?j,i  >ft:v^i  Fim**^,  an  in- 
t^'iirmal  I4il\  h>  \X  .  T  S:r>%VT  *^.  As^uv*;*::!*-!!!.  a'fairf  was  also 

iViv^lvM    \'\h.  1>^1K  i\^y.i:.Y>^r.ra''  R^r^^.     T^is  meieting 
*.aN  *^\%M':f^^  1^^  ih^  1v<^,'i^>^  jt-^,^.  f*;r;>f»T  -Si^wissicns  rf  the 

^•hK>>;  '«>»>  1^^*,^:  *i  1  hi^  Ci.  v-^,-^  i\vrx^T^i:^AT,.  im£  tib<^  jipfisienta- 
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read  a  paper  entitled  "The  Operation  of  Mechanically-Con- 
nected Direct-Current  Motors  Permanently  in  Series  or  Per- 
manently in  Parallel." 

December  2nd,  1916,  Majestic  Hotel.  Mr.  D.  M.  Petty 
presented  a  paper  on  "A-C  Phase-Wound  Motors  versus  Ad- 
justable Speed  D-C.  Motors." 

In  addition  to  the  copies  sent  out  by  the  Editing  Com- 
mittee there  were  153  copies  of  the  1915  Proceedings  and  7 
copies  of  the  1914  Proceedings  sent  out  from  the  Secretary's 
office. 

With  the  present  prosperity  there  is  no  excuse  for 
neglecting  payment  of  dues  and  members  are  requested  to 
liquidate  their  indebtedness  to  the  Association  at  once. 

Respectfully  submitted, 

W.  0.  Oschmann, 

Secretary. 

REPORT    OF    EDITING    COMMITTEE 

Following  is  a  report  of  the  Editing  Committee  for  year 
1916,  to  date: 

The  following  papers  have  been  contributed  for  the 
1916-Convention,  and  advance  copies  mailed  on  August  11, 
1916: 

"The  Value  of  Records  to  an  Operating  Engineer,"  by 
Ray  S.  Huey. 

"Cost  versus  Upkeep  of  Direct-Current  Motors,*'  by  A. 
M.  MacCutcheon. 

"Central  Station  Power  for  Steel  Mills,''  by  A.I.  &  S.E.E. 
Central  Station  Power  Committee. 

"Design  of  Structures  for  Steel  Mills,"  by  Chas.  A.  Ran- 
dorf. 

"Underground  Distribution  Systems,"  by  George  J. 
Newton. 

"The  Unaflow  Engine,"  by  W.  Trinks. 

"Steel  Conductors  for  Transmission  Lines,"  by  H.  B. 
Dwight. 
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Five  Hundred  (500)  Copies  of  the  1915-Proceedings 
were  printed  and  297  copies  were  distributed  by  this  Com- 
mittee. 

Respectfully  submitted, 

E.  Friedlaender, 

Chairman. 

REPORT  OF  SAFETY  COMMITTEE 

During  the  current  year,  the  unusual  business  condi- 
tions and  press  of  work  in  our  different  operations  has  made 
it  impossible  to  hold  formal  meetings  of  the  Safety  Commit- 
tee. There  has  been  considerable  correspondence  be- 
tween the  members  of  the  Committee,  relative  to  safer  con- 
ditions in  steel  mills,  and  especially  with  reference  to  the  use 
of  electric  current. 

The  Committee  had  a  careful  search  of  the  literature 
made  to  learn  whether  it  were  possible  to  draw  a  conclusion 
as  to  what  might  be  considered  as  safe  current  and  what 
dangerous.  The  report  discloses  that  there  have  been  a  few 
deaths  reported  as  resulting  from  95  to  110  volts,  and  sev- 
eral cases  of  death  have  been  reported  as  occurring  from  220 
to  250  volts,  and,  of  course,  deaths  from  higher  voltages; 
but  no  definite  conclusion  could  be  drawn  because  of  a  lack 
of  detail  in  the  literature. 

The  Committee  also  made  an  investigation  of  safety 
belts  for  linemen,  and  does  not  think  it  wise  at  this  time  to 
decide  on  any  one  set  of  specifications  as  standard,  because 
linemen's  belts  and  belt  fittings  are  now  undergoing  experi- 
ments and  tests.  Because  of  the  frequent  failure  of  line- 
men's belts  and  the  lack  of  standardization  in  this  respect, 
the  Committee  would  suggest  that  this  subject  be  further 
investigated  by  the  incoming  Safety  Committee. 

Your  Committee  would  also  suggest  that  further  con- 
sideration be  given  by  the  new  Safety  Committee  to  the 
practicability  of  using  a  current  not  to  exceed  250  volts  A-C. 
for  operating  mill  motors  installed  in  work  rooms  where  hur- 
ried repairs  are  made  and  where  inexperienced  workmen 
are  in  constant  danger  of  accidental  contact. 

Respectfully  submitted, 

R.  J.  Young 

Chairman. 
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REPORT  OF  EDUCATIONAL  COMMITTEE 

As  Chairman  of  your  Educational  Committee,  which 
was  appointed  at  the  1913  Convention  held  in  Detroit,  I  beg 
to  report  that  the  Committee  met  on  several  occasions,  but 
as  the  majority  of  the  members  have  not  attended  any  of 
these  meetings^  it  was  impossible  to  do  any  business  of  a 
substantial  nature.  I  wish  to  report  that  the  June  meeting 
held  in  Pittsburgh  at  the  Fort  Pitt  Hotel  was  under  the  dir- 
ection of  the  Educational  Committee.  This  meeting  had  an 
attendance  of  96.  The  speaker  of  the  evening  was  Mr.  M. 
W.  Alexander  of  the  General  Electric  Company,  West  Lynn, 
Massw,  who  outlined  the  educational  work  as  being  accomp- 
lished by  that  company,  which  was  complete  in  every  way 
and  very  much  enjoyed  by  the  members  present.  Mr.  C.  R. 
Dootey  of  the  Westinghouse  Electric  &  >Ifg.  Company  was 
also  present  and  gave  a  brief  outline  of  the  educational  work 
as  being  carried  on  by  that  company.  We  also  had  present, 
Ptof.  John  W.  Hallock  of  the  University  of  Pittsburgh,  Prof. 
D.  C.  Dennison  of  the  Carnegie  Institute  of  Technology,  and 
Mr.  A.  F.  Wolf  of  the  Homestead  Steel  Works  of  the  Car- 
negie Steel  Co.,  who  all  gave  short  talks  on  the  educational 
work  as  being  carried  on  by  the  different  institutions  which 
they  represent. 

Respectfully  submitted, 

Chas.  A.  Menk, 

Chairman. 

RJEPOKT  OF  CENTILVL   STATION  POWER  COMMITTEE 

The  Central  Station  Power  Committee  had  its  inception 
at  our  last  annual  meeting  when  our  paist-president,  E. 
Friedlaender,  made  the  suggestion  that  such  a  committee 
would  be  of  service  to  the  Association. 

The  committee  as  appointed  by  President  Snyder  has 
faithfully  endeavored  to  perform  its  duties  and  now  presents 
the  report  of  its  activities : 

Number  of  committee  meetings  held  during  the  year, 
four — Papers  prepared,  two. 

On  March  18th,  the  committee  had  charge  of  the  month- 
ly meeting  of  the  Pittsburgh  Section.     Mr.  Joseph  McKinley 
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ably  presented  a  paper  on  'The  Use  of  Central  Station  Power 
Service  in  Steel  Mills." 

His  paper  was  freely  discussed  by  both  association 
members  and  representatives  of  Central  stations. 

The  Committee  recommends  that  its  existence  be  con- 
tinued under  a  new  personnel,  that  its  scope  be  broadened 
to  include  the  generation  of  power,  also  the  power  require- 
ments of  the  steel  plant.  It  also  recommends  that  its  name 
be  changed  to  "The  Power  Committee"  instead  of  the  Cen- 
tral Station  Power  Committee. 

The  Committee  further  suggests  to  the  new  committee, 
if  appointed,  that  a  technical  data  bureau  be  established 
whose  duty  would  be  to  collect  and  tabulate  useful  technical 
data  for  the  use  of  the  Association. 

Respectfully  submitted, 

Clark  S.  Lai^ton, 

Chairman. 

REPORT  OF  ELECTRICAL  DEVELOPMENT  COMMITTEE 

In  presenting  a  number  of  short  talks  on  the  progress 
being  made  in  various  lines  of  electrical  work,  as  was  done 
in  the  April  Meeting  of  the  Pittsburgh  Section  of  the  A.  of 
I.  &  S.E.E.,  I  feel  that  the  Electrical  Development  Commit- 
tee has  established  a  precedent  that  is  worthy  of  continuing 
in  the  future.  Points  covered  in  this  meeting  included  some 
of  the  recent  developments  in  gas  engines,  switchboards, 
transformers,  coal  and  ore  handling  machinery,  shear  opera- 
tion, and  plant  illumination.  To  those  members  who  were 
not  present  at  this  meeting  I  would  recommend  that  they 
go  over  the  reports  of  this  meeting.  As  one  of  the  principal 
advantages  that  the  members  of  this  Association  have  is  in 
getting  information  on  the  details  of  construction  and  opera- 
tion of  new  types  of  apparatus,  work  of  this  kind  is  of  very 
considerable  value.  As  some  of  the  subjects  were  too  large 
to  be  taken  up  at  this  April  meeting  they  are  to  be  presented 
in  the  form  of  papers  at  the  Chicago  Convention. 

Respectfully  submitted, 

Stewart  C.  Coey, 

Chairman. 


MINUTES:    1916  CONVENTION 


17 


We  submit  to  your  consideration  that  the  Association  is 
primarily  for  the  benefit  of  the  iron  and  steel  industry  as 
represented  by  the  active  membership  and  that  the  industry, 
as  well  as  the  membership  in  general,  including  the  associate 
members,  would  benefit  by  the  more  active  participation  of 
the  active  members  in  reading  and  discussing  the  papers. 


MEMBERS  AND  GUESTS  REGISTERED  AT  THE  TENTH 

ANNUAL  CONVENTION 


Active  Memben 


B.  G.  Beck 

C.  E.  Bedell 
S.  J.  Blake 
R.  C.  Boak 
V.  I.  Brinker 
James  Caputo 
K.  H.  Cederlund 
Jas.  F.  Chapman 
A.  B.  Churchill 
M.  W.  Cobbledick 
S.  C.  Coey 

H.  B.  Conover 
John  E.  Cooper 
Harry  A.  Cox 
H.  H.  Craiglow 
John  B.  Davis 
John  S.  Delaney 
W.  F.  Detwiler 
F.  D.  Egan 
Jas.  Farrington 


Gordon  Fox 
L.  F.  Galbreath 

B.  W.  Gilson 
G.  W.  Haney 

C.  W.  Harper 
Comer  D.  Hazen 
Ray  S.  Huey 
Wm.  Jackson 

E.  S.  Jefferies 
0.  R.  Jones 
Chas.  A.  Kaf  er 
John  F.  Kelly 

F.  H.  Kittredge 
C.  S.  Lankton 

G.  H.  McFeaters 
R.  L.  Mcintosh 
C.  A.  Menk 
Chas.  E.  Miller 
Jas.  L.  Mills 

J.  A.  Morgan 


Wm.  Nimz 
W.  0.  Oschmann 
L.  R.  Palmer 
D.  M.  Petty 

A.  G.  Place 
John  E.  Powers 
L.  R.  Rankin 
John  C.  Reed 

G.  W.  Richardson 
M.  S.  Robinson 
R.  R.  Shepherd 
R.  S.  Shoemaker 

B.  R.  Shover 
W.  T.  Snyder 
R.  Tschentscher 
A.  M.  Tucker 
T.  E.  Tynes 
Frank  A.  Wiley 
J.  H.  Wilson 

F.  H.  Woodhull 


Associate  Members 


A.  M.  Andresen 
A.  A.  Anderson 
A.  L.  Arenberg 
R.  L.  Baker 
C.  A.  Beck 
Wesley  J.  Beck 
T.  E.  Beddoe 
CM.  Bercaw 
C.  N.  Bergmann 
H.  L.  Bradley 
G.  R.  Brandon 
Jos.  Breslove 
F.  J.  Brittingham 
F.  J.  Burd 
Paul  Caldwell 
Arthur  Cameron 


W.  D.  Cameron 
R.  H.  Carter 

C.  B.  Coates 
J.  O.  Corbett 
Lester  H.  Couchey 
F.  B.  Crosby 

H.  E.  Darby 

D.  G.  Darling 
C.  S.  Dauler 

W.  L.  DeCoursey 
W.  T.  Dean 
Jas.  R.  Downs 
Paul  A.  Dratz 
J.  N.  Elliott 
A.  L.  Eustice 
F.  R.  Fishback 


T.  J.  Fleischer 
A.  D.  Fonger 
Frank  D.  Frawley 
Robt.  F.  Freeman 
Chas.  D.  Gilpin 
W.  Greenwood 
J.  G.  Harvey 
Stanton  S.  Heatz 
C.  T.  Henderson 
Ludwig  Hommel 

A.  F.  Hovey 
C.  A.  Huebner 
J.  E.  N.  Hume 
P.  W.  Jones 

B.  J.  Kacin 
Ray  Kauffman 
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Mrs.  A.  S.  Merrill,  Chicago,  111.        Mrs.  F.  H.  Semple,  Chicago,  HI. 
Mrs.  R.  L.  Mcintosh,  Indiana  Har-Geo.  Shelton,  Granite  City,  111. 

bor,  Ind.  J.  W.  Sheffer,  Braddock,  Pa. 

Mrs.  McKinley,  Pittsburgh,  Pa.        Lee  Skipwurth,  Chicago,  111. 
K.  H.  McLain,  Schenectady,  N.  Y.    W.  H.  Slingluff,  Chicago,  111. 
James  Maloney,  Carnegie,  Pa.  E.  S.  Smail,  Chicago,  111. 

J.  C.  Marshall,  Chicago,  111.  V.  C.  Smith,  Chicago,  111. 

E.  H.  Martindale,  Cleveland,  0.       Mrs.  W.  T.  Snyder,  McKeesport,  Pa. 
Miss  Miller,  Youngstown,  0.  L.  C.  Spare,  Chicago,  111. 

Mrs.  Jas.  L.  Mills,  Chicago,  111.        Geo.  T.  Street,  Youngstown,  0. 
R.  C.  Mons,  Chicago,  111.  R.  S.  Sturgis,  Chicago,  111. 

A.  G.  Montgomery,  Pittsburgh,  Pa.  Mrs.  A.  H.  Swartz,  Cleveland,  0. 
Mrs.  R.  H.  Moore,  Chicago,  111.  Miss  Elfie  Swartz,  Cleveland,  0. 

Mrs.  William  Nimz,  Cleveland,  0.  Miss  Mae  Swartz,  Cleveland,  0. 
Elbert  F.  Norton,  Chicago,  111.         B.  W.  Sweet,  Qeveland,  0 
E.  SL  Norton,  Canonsburg,  Pa.         Mrs.  A.  J.  Thompson,  Cleveland,  0. 
Mrs.  O'Harah,  Chicago,  111.  R.  P.  Tillotson,  Chicago,  111. 

Mrs.  Wm.  Oschmann,  Pgh.,  Pa.       Mrs.  A.  E.  Tregenza,  Chicago. 
Walter  Painter,  Chicago,  111.  W.  Trinks,  Pittsburgh,  Pa. 

W.  H.  Patterson,  East  Pgh.  Pa.        Mrs.  R.  Tschentscher,  Chicagro,  111. 
E.  J.  Pirtzcker,  Chicago,  111.  John  T.  Valenta,  Chicago,  Ul. 

Mrs.  C.  Pirtle,  Cleveland,  0.  E.  H.  Waring,  Ampere,  N.  J. 

Mrs.  John  E.  Powers,  Sharon,  Pa.    Mrs.  W.  E.  Watters,  Chicago,  111. 
Mrs.  W.  P.  Poynton,  Pittsburgh,  Pa.S.  B.  Wiggins,  Detroit,  Mich. 
Mrs.  Pratt,  Chicago,  HI.  Mrs.  F.  A.  Wiley,  Chicago,  111. 

C.  A.  Randorf,  Buffalo,  N.  Y.  Mrs.  Brent  Wiley,  Pittsburgh,  Pa. 

Mrs.  L.  R.  Rankin,  Sharon,  Pa.        R.  L.  Wilkinson,  Chicago,  111. 
Mrs.  H.  S.  Richardson,  Cleveland,  0.1\  H.  Williams,  Chicago,  111. 
A.  T.  Riggs,  Chicago,  111.  Mrs.  W.  H.  Williams,  Chicago,  111. 

Mrs.  M.  S.  Robinson.  Donora,  Pa.     E..  C.  Wilson,  Chicago,  III. 
W.  R.  Runner,  Wilkinsburg,  Pa.        Mrs.  J.  H.  Wilson,  Middletown,  O. 
Mrs.  R.  H.  Ruth,  Pittsburgh,  Pa.     S.  Wolff,  Chicago,  111. 

Summary 


Active   Members, 60 

Associate  Members  96 

Guests     141 

Total  297 


Three  tellers  were  appointed  to  count  the  votes  for  1917 
Officers  and  for  Amendments  to  the  Constitution.     The  teil- 
rs  reported  the  following  as  the  result  of  the  ballot: 


s 


President — F.  D.  Egan. 

First  Vice  President — C.  A.  Menk. 

Second  Vice  President — S.  C.  Coey. 

Treasurer — James  Farrington. 

Secretary — John  F.  Kelly. 
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Constitution  to  be  amended  as  per  Board  of  Direc- 
tors recommendations  that  accompanied  the  ballots. 

There  was  a  total  of  70  ballots  cast. 

Considerable  discussion  took  place  regarding  the 
most  desirable  locality  for  holding  the  1917  Convention. 
The  consensus  of  opinion  favored  an  eastern  city.  The  cities 
of  Philadelphia,  Boston  and  Buffalo  were  mentioned  but  no 
definite  decision  was  arrived  at,  and  the  matter  was  left  to 
the  discretion  of  the  Board  of  Directors. 


m. 


CENTRAL  STATION  POWER  FOR  STEEL  MILLS 


Bt  central  station  power  COMMITTBE.  a  J.*  S.E.E. 
(G.  S.  LANKTON.  Chairman) 


Durmg  the  last  few  years,  Central  Station  power  has  be^ 
come  an  important  factor  in  the  consideration  of  the  power 
problems  of  the  steel  plant. 

This  matter  was  discussed  at  the  1915  Convention  of 
the  Association,  and  it  was  thought  advisable  to  appoint  a 
committee  to  investigate  to  what  extent  the  use  of  Central 
Station  power  could  be  made  an  advantageous  factor  in  the 
development  of  economies  in  steel  mill  electrification. 

The  conclusion  of  the  committee  is  that  a  study  of  the 
general  advantages  of  Central  Station  service  would  develop 
the  important  facts  to  be  considered  in  the  determination  of 
its  use.  This  means  broadly  the  determination  of  the  facts 
regarding  the  conditions  of  operation  in  order  to  make  com- 
parison with  steam  or  other  forms  of  drive  with  electric 
drive  usins:  Central  Station  power. 

To  this  end,  the  committee  has  outlined  a  paper  consist- 
ing of  various  subjects,  each  subject  being  handled  by  in- 
dividual members  of  the  committee. 


ADVANTAGES  OF  CENTRAL  STATION  POWER  OVER 

STEEL  PLANT  GENERATION 

(By  D.  B.  RUSHMORE) 

This  problem  is  primarily  an  economical  one;  and  the 
first  requirement  naturally  is  that  the  rates  offered  by  the 
Central  Station  company  shall  be  sufficiently  low  to  be  at- 
tractive. This  does  not  mean,  however,  that  the  rate  needs 
to  be  lower  than  the  cost  at  which  power  can  be  generated  at 
the  steel  plant,  because  there  are  so  many  other  advantages 
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Besides  the  above,  two  reasons  for  the  great  economy 
obtained  in  a  Central  Station  is  the  fact  that  its  size  war- 
rants the  employment  of  an  operating  force  of  the  highest 
skill.  A  trained  force  of  engineers  gives  constant  attention 
to  the  smallest  details  of  the  operation,  complete  and  very 
accurate  records  are  kept  and  obsolete  machinery  is  being 
constantly  replaced  by  equipment  of  the  latest  and  most 
efficient  type.  In  short,  the  central  station's  sole  object  is 
the  manufacture  of  power,  cheap  power,  and  the  entire 
energy  of  the  management,  as  well  as  the  operating  force, 
is  devoted  to  this  one  point. 

The  load  factor  is  a  very  important  item,  and  the  high 
load  factor  which  many  of  the  Central  Stations  have,  ob- 
viously has  a  direct  bearing  on  the  low  cost  at  which  their 
power  can  be  generated.  Fortunately  the  load  factor  of 
steel  mills  is  also  fairly  good,  and  equalizing  devices  are  as 
a  rule  provided  for  reducing  the  momentary  peak  load  in- 
herent in  a  mill,  so  that  as  far  as  the  load  factor  is-concemed 
the  steel  mill  load  can  be  considered  as  having  no  detrimental 
effect  on  the  Central  Station  load  factor. 

Granting  that  the  power  for  a  steel  mill  can  be  purch- 
ased from  a  Central  Station  company  at  an  attractive  figure, 
there  are  many  other  advantages  which  must  be  considered. 
All  worry  and  care  of  an  isolated  plant  is  removed  and  the 
entire  time  of  the  superintendent  and  electrical  engineer, 
etc.,  can  be  devoted  to  looking  after  the  application  of  the 
hundreds  or  even  thousands  of  motor  equipments  installed 
and  improving  the  efficiency  in  this  respect.  Central  Sta- 
tion service  is  considered  to  be  the  most  efficient  of  all,  pro- 
vided as  they  are  with  ample  reserve  equipments,  and  relia- 
bility, of  course,  means  greater  production. 

No  one  is  more  aware  of  the  responsibilities  involved  in 
keeping  the  machinery  moving  than  the  steel  mill  engineer, 
as  even  a  few  minutes  shut-down  may  mean  damages  of  con- 
siderable magnitude.  He  may,  therefore,  argue  that  a  sys- 
tem by  which  power  has  to  be  transmitted  for  some  distance 
is  more  apt  to  interruptions  than  one  where  the  plant  is  lo- 
cated at  the  mill.  In  response  to  this  it  may  be  said  that 
improvements  have  been  made  in  the  design  and  construc- 
tion of  transmission  lines,  which  makes  them  entirely  reli- 
able^  much  more  so  than  is  to  be  expected  from  the  intrioate 
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son  in  order  to  establish  a  cost  system  for  power  comparable 
with  costs  of  other  units  of  production  of  a  similar  nature 
procurable  on  the  open  market 

The  cost  of  any  commodity  is  relative  to  a  certain  stand- 
ard and  is  determined  by  the  total  unit  cost  of  each  fraction- 
al part  of  the  commodity,  including  the  material  and  labor 
entering  into  the  production  of  the  unit;  plus  the  cost  of 
operating  the  business,  including  the  physical  plant  or  in- 
vestment and  the  managerial  expense  of  owners,  officers,  or 
directorate  of  the  plant ;  plus  a  certain  profit  on  the  money 
invested  in  the  business.  The  production  of  a  unit  of  power 
is  no  different,  as  regards  a  definite  cost  per  unit,  than  the 
production  of  nails,  rails,  or  automobiles,  if  a  standard  unit 
is  arrived  at,  but  being  used  in  the  production  of  the  market- 
able product  of  the  company,  its  function  is  so  limited  and 
its  market  in  the  past  has  been  so  non-competitive  that  in- 
sufficient analysis  is  often  made  to  accurately  ascertain  the 
unit  cost. 

On  account  of  the  generally  popular  use  of  electrical 
apparatus  today  the  unit  of  power  is  well  considered  the 
kilowatt-hour,  or  its  equivalent,  and  to  assist  in  a  standard 
of  the  cost  of  production,  the  following  is  an  outline  of  a 
complete  power  plant  cost  system  which  covers  practically 
every  item  entering  into  the  unit. 

ANALYSIS  OF  PRIVATE  PLANT  POWER  COSTS 

1.  Fuel 

(a)     Cost  of  fuel  as  delivered  to  department. 

2.  Salaries  and  Labor 

(a)  Salaries  of  engineers  and  electricians  (licensed) 

(b)  Salaries  of  firemen 

(c)  Salaries  of  water  tender  (licensed) 

(d)  Wages  to  coal  passers  and  coal  unloaders 

(e)  Wages  to  ash  handlers. 

(f )  Wages  to  boiler  washers. 

(g)  Wages  to  masons, 
(h)     Wages  to  steam  fitter 

(i )     Wages  of  machinist   (as  required  from  other  depart- 
ments). 

3.  Repair  Account 

(a)  Boilers,  including  tubes,  stoker  parts,  valves,  piping  and 
pipe  coverings,  fire  brick,  fire  clay. 

(b)  Engines  and  dynamos,    including  castings  or  forging 
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parts,  rings,  brushes,  conductors,  etc 

(c)  Auxiliaries,  including  parts  for  feed  water  heaters,  eco- 
nomizers, condensing  equipment,  pumping  equipment,  ex- 
citers, etc.,  coal  and  ash  handling  equipment. 

(d)  Repairs  to  real  estate,  including  power  house  building; 
hot  wells,  drain  systems,  cooling  towers  or  ponds,  con- 
denser water  mains,  etc. 

4.  Removal  of  Ashes — Expense  or  credit  on  ash  disposal. 

5.  Water —  Cost  from  City  of  Pumping,  plus  cost  or  purification  or 

treatment. 

6.  Oil. 

7.  Lamps  for  Power  Department. 

8.  Tool  Account. 

9.  Power  and  Light — Used  in  Power  House. 

10.    Miscellaneous  Supplies — Waste,  Packing,  etc. 
11. — General  Expense. 

(a)  Department  apportionment  of  overhead  expense  on  ^Ul 
non-productive  labor  itemized  above.  Usually  35  to  40% 
on  actual  cost  of  labor. 

(b)  Depreciation  of  equipment  and  plant — 7%  to  12^%  on 
cost  of  plant. 

(c)  Interest  on  Investment — 5%  to  6%. 

(d)  Taxes. 

(e)  Insurance 

(f )  Rentals  on  space  or  real  estate. 

(g)  Liability  Insurance  on  employees. 
12.    Throw-over  service  (if  any). 

Now  the  trouble  in  accurately  arriving  at  the  amount 
chargeable  to  the  items  referred  to  above  comes  from  the 
fact  that  the  power  department  of  the  steel  mill  is  so  inter- 
related with  other  departments  that  there  is  some  question 
in  auditing  the  monthly  expense,  to  definitely  charge  certain 
items  of  fuel  and  labor  to  the  correct  account.  In  the  case 
of  the  steel  mill  where  steam  is  usually  used  for  many  pur- 
poses besides  the  production  of  power,  the  item  of  fuel  is 
perhaps  the  most  unreliable  of  all.  Too  often  the  quantity 
of  steam  charged  to  power  is  distributed  month  by  month 
for  the  period  of  a  whole  year  on  the  basis  of  a  short  thermal 
test,  or  else  estimated  from  the  product  of  kilowatt-hours 
times  the  manufacturer's  guarantee  of  the  water-rate  on  the 
generating  units  for  full  load  conditions.  While  the  water- 
rate  of  the  power  generator  is,  doubtless,  safe  for  the  con- 
ditions specified  by  the  manufacturer,  one  can  readily  see  the 
fallacy  in  applying  the  same  to  a  steel  mill  load  with  widely 
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varying  steam  characteristics,  and  intermittent  load  condi- 
tions, the  usual  long  steam  lines,  etc.  Therefore,  consider- 
ing the  fact  that  steam  chargeable  to  power  is  estimated  and 
that  the  boiler  room  fuel  and  labor  expense  is  divided  pro- 
portional to  the  steam  distribution  along  very  similarly  un- 
certain lines,  it  is  not  at  all  surprising  that  the  average  steel 
mill  can  tell  little  about  the  actual  kilowatt-hour  cost. 

It  would  seem  more  care  should  be  exercised  in  the  dis- 
tribution of  the  steam  expense  (fuel  and  labor)  and  that 
the  power  units  stand  more  nearly  their  just  proportion  of 
the  charges  with  less  regard  to  the  theoretical,  and  also  a 
reasonable  part  of  the  usual  15%  to  20%  "unaccounted  for 
losses"  that  regularly  occur  in  the  steam  distribution  bal- 
ance sheets. 

ESTIMATING  RELATIVE  COSTS  OF  CENTRAL  STATION 
POWER  AND  PRIVATE  PLANT  POWER 

In  considering  the  substitution  of  purchased  power  for 
a  private  plant  power,  it  is  necessary  to  know  as  much  jbls 
possible  about  th^e  electrical  load  of  the  plant  over  a  period 
of  from  one  to  three  years,  including  total  kilowatt-hours 
by  months ;  graphic  totalizing  watt-hour  records  for  typical 
days  or  months ;  load  factor  conditions,  etc.  In  plants  hav- 
ing modem  totalizing  watt-hour  meters  it  is  not  expensive 
to  install  printing  devices  to  procure  load  curves  exactly  as 
with  Central  Station  metering.  This  method  leaves  none  of 
the  cost  determining  conditions  for  purchased  power  to  be 
assumed  and  consequently  insures  dependable  cost  estimat- 
es. The  Central  Stations  will  be  found  more  than  willing 
to  co-operate  with  the  steel  companies  in  determining  the 
characteristics  of  the  load,  and  in  many  cases  they  may  be 
able  to  furnish  and  install  the  demand  instruments  required 
for  the  load  record. 

Knowing  the  cost  per  kilowatt-hour  of  the  proposed 
purchased  power,  and  the  same  for  private  plant  power  de- 
termined from  the  analysis  given  above,  it  is  easy  to  decide 
on  the  advantageous  product. 

POWER  COST  CONCLUSIONS 

The  advantage  of  Central  Station  power  from  the  cost 
standpoint  will  depend  on  the  following  points : 
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1.  The  ability  to  get  a  suitable  power  contract  from 
the  power  company  adapted  to  the  peculiar  require- 
ments of  a  steel  mill  load. 

2.  The  class  of  power  generating  equipment  of  tkfi 
steel  mill,  whether  modem  or  very  old  and  obsoleia 

3.  The  character  of  the  steel  mill  business.  Whether 
there  is  available  blast  furnace  gas  and  waste  heat 
in  excess  of  that  required  for  pre-heating  and  steam 
generation  for  purposes  other  than  power;  that 
might  be  used  for  steam  generation  to  produce  paw^ 
er. 

4.  The  willingness  of  the  steel  mill  management  to; 
change  their  present  methods  of  using  blast  furn- 
ace gas  and  substitute  the  gas  fuel  for  coal  used  for 
pre-heating,  soaking  pits,  etc. 

5.  Whether  the  steel  mill  load  is  subject  to  wide  seih 
sonable  and   market  demand  fluctuations.     Willi 
Central  Station  power  the  cost  varies  more  nearijT  \ 
proportional  to  the  mill  production. 

6.  The  cost  of  power  is  definitely  fixed  by  contract  and 
schedules  are  filed  with  Public  Service  Commissions^ 
the  tendency  being  to  regularly  decrease  the  ratea 
as  the  business  of  the  Central  Station  grows.  The 
steel  mill  load  usually  reipresenting  high  load-factor 
business,  makes  it  very  desirable  Central  Statien 
business  and  offers  the  logical  field  for  lowest  in- 
dustrial power  rates. 


RATES  AND  CONTRACTS 

(ByE  T.SELIG) 

The  rate  schedule  of  twenty  power  companies  furnish- 
ing power  to  steel  mills  have  been  obtained,  and  the  principal 
parts  of  these  schedules  are  shown  by  table  No.  1.  To  per- 
mit comparisons  the  net  resultant  rate  for  1,000-kilowatt 
and  5,000-kilowatt  loads  at  50%  load  factor  were  calculated 
which  calculations  gave  the  following  results : 

Net  Rates  per  Kw-Hour  50%  Lioad  Factor. 

Maximum         Minimum        Average 
1,000-kw.  Demand  1.246c  0.700c  0.9417c 

5,000-kw.  Demand  1.060c  0.667c  0.8464c 
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The  divisions  according  to  frequency  are  as  follows: 

60  Cycles  10 

26  Cycles  9 

25  or  60  cycles  3 

Two  power  companies  make  a  10%  lower  rate  for  25- 
cycle  current  than  for  60-cycle  current,  due  to  their  main 
source  of  water  power  being  25  cycles. 

The  power  factor  required,  if  any  is  specified,  varies 
from  60%  to  90%.  Eight  out  of  a  total  of  eleven  require 
80%  to  90%,  three  60%  to  75%,  and  eleven  make  no  refer- 
ence to  power  factor.  It  is  noticeable,  however,  that  the 
average  rate  of  those  having  power  factors  specified  are  low- 
er than  those  which  ignore  power  factor. 

The  form  of  rate  schedules  are  many  and  vary  from  flat 
rates  per  horse  power  year,  regardless  of  energy  consump- 
tion to  those  having  complicated  demand  and  energy  rates 
and  more  complicated  discounts.  The  majority  of  the 
schedules,  however,  have  separate  demand  and  energy 
charges,  each  of  which  charges  may  be  in  from  one  to  six 
steps.  For  demand  systems  of  charging,  the  peak  period 
varies  from  one  minute  to  sixty  minutes,  some  are  integrat- 
ed peaks,  some  sustained  peaks,  while  others  do  not  state 
how  the  peak  shall  be  determined. 

Load  factor  and  power  factor  play  such  important  parts 
in  the  cost  of  manufacturing  and  distributing  electric  ser- 
vice, that  mimimum  power  costs  cannot  be  obtained  without 
taking  these  two  factors  into  the  calculations.  The  demand, 
including  the  effect  of  power  factor  upon  it,  is  just  as  im- 
portant a  part  of  a  proper  rate  schedule  as  is  the  energy 
charge.  A  mill,  with  a  load  factor  of  70%  and  a  power  fac- 
tor of  80%  or  better,  can  be  served  at  very  much  less  cost 
than  another  mill  having  a  load  factor  of  35%  and  a  power 
factor  of  50%  to  70% ,  and  should  not  be  required  to  pay  an 
average  rate  that  would  be  penalizing  the  mill  with  a  good 
load  for  the  sins  of  the  mill  having  a  poor  load  condition. 

Rate  schedules  should  be  as  simple  as  possible  and  avoid 
complicated  systems  of  rates  and  discounts  for  varied  load 
factors  and  consumptions.  Where  the  mill  can  so  adjust  its 
operations  as  to  permit  keeping  off  the  central  station  peak, 
there  should  be  a  lower  rate  than  for  peak  service.     Some  of 
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the  power  companies  reporting,  charge  only  50%  of  the  peak 
demand  rates  for  off  peak  service  only. 

While  the  difference  in  operating  costs  of  the  power 
companies  will  not  permit  of  uniform  rates  for  all,  their 
costs  all  follow  the  same  general  lines  and  with  different 
figures  to  fit  different  conditions,  standard  forms  of  rate 
schedules  and  contracts  could  easily  be  made  to  cover  all 
companies.  To  this  end  we  would  recommend  that  in  nego- 
tiations for  Central  Station  power  service  and  in  order  to  ob- 
tain most  favorable  rates  to  the  purchaser,  it  be  insisted 
that  the  rate  schedule  be  divided  into  demand  charges  and 
energy  charges ;  that  the  demand  be  the  average  or  integrat- 
ed peak  of  15  to  30  minutes  duration;  that  the  power  factor 
be  80  %  with  decrease  or  increase  in  the  demand  to  be  charg- 
ed for  accordingly  as  the  power  factor  is  above  or  below 
80% ;  that  the  demand  charges  per  kilowatt  be  in  two  or 
more  steps ;  that  the  energy  charges  per  kilowatt-hour  be  in 
two  or  more  steps;  that  any  excess  demand  occurring  at 
other  than  the  peak  period  of  the  power  company's  plant  be 
charged  at  only  one-half  the  demand  charge  normally  apply- 
ing for  such  excess  if  occurring  on  the  power  company's  peak 
period.  Long  worded  contracts  made  up  principally  of  the 
words  "whereas",  "if",  "and",  etc.  should  be  avoided  in  fav- 
or of  short  precise  statements  of  what  is  to  be  furnished, 
how  it  is  to  be  measured  and  what  is  to  be  paid,  with  no 
doubt  as  to  what  is  expected  of  each  party. 

With  rate  schedules  on  the  basis  recommended,  the  mill 
engineer  will  obtain  the  benefits  due  to  good  operating  con- 
ditions and  not  be  obliged  to  pay  for  the  poor  conditions  of 
another  consumer's  load. 


CHARACTERISTICS  OF  STEEL   PLANT  LOADS 

a«jr  Jt>S.  MoKINLEY^ 

The  use  of  ek^ctric  drive  lends  itself  admirably  to  a 
close  analysis  of  operating  conditions.  The  various  types  of 
indicating,  recortling  and  graphic  meters  enables  the  user  of 
electric  power  to  accurately  determine  the  distribution  of 
power  coats,  while,  in  the  case  of  other  forms  of  power,  the 
diatribution  is  arrived  at  largely  by  arbitrary  methods.    The 
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use  of  such  instruments  also  enables  the  user  of  electric 
power  to  collect  engineering  data  such  as  capacity  of 
chines,   load   curves,   power  requirements,   maximum 
mands,  power  consumption  and,  in  addition,  providing 
means  of  analysing  the  cycles  of  operation  throughout 
plant. 

With  such  records,  the  Central  Station  can  accural 
determine  the  requirements  of  steel  mills  and  negotiati< 
for  the  sale  of  power  are  greatly  facilitated. 

The  accompanying  curves  Fig.  1  and  Fig.  2,  have 
compiled  from  data  secured  from  motor  driven  mills 
cover  a  period  of  two  years.    These  curves  are  self  expl 
tory  and  illustrate  the  analytical  possibilities  of  motor  dri^ 

In  order  to  show  the  characteristics  of  the  load  in 
steel  mill  industry,  we  have  endeavored  to  secure  load  ci 
from  a  number  of  the  large  steel  mills.    These  curves 
reproduced  in  Fig.  3,  and  will  be  discussed  in  the  order 
which  they  are  numbered. 

CURVES  NO.  1  AND  NO.  2. 

Curve  No.  1  shows  the  characteristic  a-c.  load  curve  and  curve 
2  the  d-c.  load  of  the  same  mill  and  the  total  load  of  the  plant 
the  sum  of  the  two. 

Total  Kilowatt  hrs.  generated  per  year 34,141, 

Total  kilowatt  maximum  demand  9, 

Load  factor  (Annual)   42.8^ 

Mill  Drives — 

Number 

Horse  power  of  each 1, 

Total  horse  power 8, 

Type  of  motor Westinghouse  "M",  220  volt, 

Speed  of  motors 100-125  r.p. 

Type  of  Drive  Direct  Conn< 

Type  of  mill Re-rolling  light  section  Rail 

Speed  of  Mill  140  r.p. 

Average  kw-hrs.  per  ton  of  output  of  mill 

Kilowatt  maximum  demand 1,100  kilowatts  per 

Kilowatt  hours  per  year 3,088, 

Auxiliary  Motors — 

Total  horse  power 52, 

Total  kilowatt  hours  per  year 31,052,? 

Kilowatt  maximum  demand 7,0 

Character  of  Service— 

250  volt,  direct  current  for  lighting  and  power. 
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6600  volt,  25  cycles,  3  phase,  A.C.  for  transmission  and  synchronous 

motors. 
220  volt,  25  cycles,  8  phase,  A.  C.  for  power. 

110  volt,  25  cycles,  Single-phase  A.  C.  for  lighting. 
110  volt,  60  cycles,  M  phase,  A.  C.  for  lighting. 

CURVES  NO.  8  AND  NO.  4. 

No.  3  is  a  characteristic  total  load  curve  of  a  steel  mill  using  elec- 
tric drive  throughout  and  purchasing  service  from  a  central  station. 
No.  4  is  a  characteristic  load  curve  of  one  of  the  mills  in  this  installa- 
tion. 

Total  kilowatt  hours  per  year 10,000,000 

Total  kilowatt  maximum  demand 2,240 

Load  Factor  (Annual)   50.9% 

Mill  Drives — 

Number   6 

Total  horse  power 4,600 

6 — 500  h.p. — 425  r.p.m. 
2—^00  h.p.— 320  r.p.m. 
Type  of  motors — Wound  rotor  induction. 
Type  of  drive — Rope  and  belt. 
Type  of  mills — Merchant  mill. 

Kilowatt  maximum  demand 2,200 

Kilowatt  hours  per  year  9,821,000 

Auxiliary  Motors — 

Total  horse  power 291 

Total  kilowatt  hours  per  year  179,000 

Character  of  Service — 

440  volt,  three  phase,  60  cycle  for  mill  motors. 
220  volt,  three  phase,  60  cycle  for  auxiliary  motors. 

CURVE  NO.  5. 

Characteristic  load  curve  of  direct  current  plant  in  a  large  steel 
mill. 

This  direct  current  plant  operates  in  conjunction  with  an  alternat- 
ing current  plant,  the  output  of  the  latter  supplying  service  to  a  num- 
ber of  induction  motors  and  to  sub-stations  in  the  most  distant  plants 
in  the  mill  where  it  is  converted  into  direct  current. 

Total  kilowatt  hours  per  year,  d-c  and  a-c 21,602,000 

Total  kilowatt  maximum  demand,  d-c  and  a-c 4,950 

Load  factor 49.9% 

Direct  Current  Motors — 

Number  of  motors 1,399 

Total  horse  power 39,880 

Machinery  operated: — Cranes,  chargers,  blowers,  tables, 
compressors  and  machine  foundries. 
Character  of  service:    250  volts. 
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Alternating  Curroit  Motors — 

Number  of  motors 20 

Total  horse  power 8,200 

Machinery  operated:    Hydraulic  pumps,  air  compressors. 
Character  of  service:    Three  phase,  25  cycles,  6,000  volts. 

CURVE  NO.  6. 

Characteristic  total  load  curve  of  a  sheet  mill  using  Central  Sta- 
tion power  throughout. 

Total  kilowatt  hours  per  year 5,400,000 

Total  kilowatt  maximum  demand 1,075 

Load  factor  (Annual)   57.3% 

Mill  Drive— 

Number 1 

Total  horse  power 1,400 

Type  of  motor — Wound  rotor  induction 

Speed  of  motor 240  r.pjn. 

Type  of  drive — Gear 
Speed  of  mill — 30  r.p.m. 

Type  of  mill — Sheet  Mill,  4   Roughing   mills,   6   Finish- 
ing mills,  2  Cold  mills. 
Auxiliary  Motors — 

Horse  power 300 

Output — 

30,000  tons  per  year.    Average  gauge 28 

Average  kilowatt  hours  per  ton  180 

Character  of  Service- 
Three  phase,  60  cycle,  2,300  volts  for  mill  motors. 
Three  phase,  60  cycle,    220  volts  for  auxiliary  motors. 

CURVES  NO.  7  AND  NO.  8. 

Characteristic  curves  of  a  cold  Rolled  Steel  Plant  using  Central 
Station  service.  Curve  No.  7  is  a  load  curve  of  a-c  driven  mills  and 
auxiliary  motors  and  curve  No.  8  is  a  load  curve  in  d-c.  driven  mills. 

Total  kilowatt  hours  per  year  2,160,000 

Total  kilowatt  maximum  demand 480 

Load  factor 52 

Mill  Driven 

Alternating  Current  Drives 

Number  of  mills   11 

Total  horse  power 850 

Type  of  motors — Wound  rotor  induction. 
Type  of  drive — Gear 

Type  of  miIIs~-<:oId  Roll  Strip  and  Sheet 

Direct  Current  Drives. 

Number  of  mills  5 

Total  hons  power 750 
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Type  of  motors — Each  150  horse  power,  adjustable  speed. 

Speed  of  motors — 320  to  850  r.p.m. 

Type  of  drive — Gear 

Type  of  mill — Five  stands  arranged  in  tandem — 12"  cold 
strip  continuous  mill. 

Service  supplied  through  a  6  phase,  60  cycle  rotary,  250 
volt,  d-c. 

Kilowatt  hours  per  year 624,000 

Kilowatt  maximum  demand   200 

Auxiliary  Motors — 

Number  of  motors 81 

Total  horse  power 459 

Character  of  Service — 

440  volt  3  phase,  60  cycle  for  a-c.  mills  and  auxiliary 
motors. 

11000    volt,  8  phase,  60  cycle  for  rotary  supplying  d-c.  mills. 

CURVE  NO.  9. 

Characteristic  load  curve  of  a  bar  mill  using  Central 
Station  power. 

Total  kilowatt  hours  per  year 912,000 

Kilowatt  maximum  demand  192 

Load  factor 

Mill  Drive- 
Number  1 

Total  horse  power 500 

Type  of  Motors — Wound  rotor  induction. 

Speed  of  motors  450  r.p.m. 

Type  of  drive — Gear 
Type  of  mill— 16"  bar. 

Speed  of  mill  82  r.p.m 

Kilowatt  hours  per  year 912,000 

Kilowatt  maximum  demand   192 

Average  kilowatt  hours  per  ton 30 

Character  of  Service — 

440  volts,  three  phase,  60  cycles. 

CURVE  NO.  10. 

Load  curve  on  sheet  mill  using  Central  Station  power. 

Kilowatt  hours  per  year 3,840,000 

Kilowatt  maximum  demand   1,150 

Load  factor  (Annual)  38.1% 

Mill  Drive— 

Number    1 

Horse  power  1,000 

Type  of  motors — Wound  rotor  induction. 

Speed  of  motors 80  r.p.m. 
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Type  of 

Type  of  mill— Sheet  Mill,  Stands,  Itoii«lilii«r> 
Rolling  1.0  to  20  grange  86"  milL 

Speed  of  mill  30  r.pon. 

Charactw  of  Senrice — 

6,600  ^t,  three  phase,  25  cycle. 

CURVES  NOS.  11, 12  AND  13. 

Curves  Nos.  11,  12  and  13  have  been  obtained  from  a  large  steel 

mill  having  two  power  plants. 

Curve  No.  11— 

This  is  the  total  load  curve.    There  is  required  1,600  kw.  from 

the  other  plant  in  addition  to  the  6,000  kw.  shown  in  curve  No.  11. 

Total  horse  power 81,711 

Total  kilowatt  hours  per  year 38^02,887 

Total  kilowatt  maximum  demand 7,600 

Load  factor  (Annual) 57.25^ 

Curve  No.  12— 

This  shows  the  load  curve  in  one  plant  iHioi  carrying  auxiliary 

motors  only.    There  is  required  2,000  kw.  from  the  other  plants  in  ad- 
dition to  the  4,000  kw.  shown  in  curve  No.  12. 

Awdliary  M ol«r»— 

Number  791 

Total  horse  power 30,211 

Total  kilowatt  hours  per  year 82,768,417 

Kilowatt  maximum  demand  6,000 

I/iad  factor 625t 

Carve  No.  13— 

IfiD  Drive 

Number 1 

Hone  power 1,500 

T>i;>«  of  motors — ^Two  speed,  double  winding  vromid  rotor 

induction. 
Speed— 162  and  183  rpon. 
T^rpe  of  drive — Geared  to  MWghing  stands  and  rope  drive 

to  intermediate  and  finishing  stands. 
Type  of  mill — Automatic  rod  milK 

.  Average  kilowatt  hours:  per  t>»n  42.4 

Kilowatt  hour$  per  year  5,838,920 

Kilowatt  maximum  demand   1,800 

CURVE  NO.  14. 

Load  curve  <»t  steel  mill  showing  that  portion  of  its  requirements 
MMM^M  Ky  tla  ewn  power  plant.  Oiroe  Xo^  9  sliows  thaX  porcliaaed 
Ky  aaiiie  ««^iiipany  ff^Mn  a  centrml  station. 

TMal  harae  iMwier  supplied 8,250 

TMtl  Ikttawmll  hours  per  year 2,421j000 
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Kilowatt  maximum  demand  672 

Load  factor 48.3% 

MiU  Drive- 
Number  1 

Horse  power  250 

Type  motor — Constant  speed,  compound  wound. 

Speed 450  r.p.m. 

Type  of  drive — Gear. 
Type  of  mill— 10"  bar  mill. 

Speed   150  r.p.m. 

Kilowatt  maximum  demand 200 

Auxiliary  Motors — 

Total  horse  power 3,000 

Character  of  Service — 

250  volt,  direct  current. 

It  will  be  seen  from  the  above  that  the  power  require- 
ments in  steel  mills  are  quite  large,  ranging  from  1,000  to 
10,000  kilowatts  or  more.  A  fair  average  will  probably  be 
in  the  neighborhood  of  4,000  kilowatts.  The  load  is  char- 
acterized by  large  peaks.  Where  alternating-current  ser- 
vice is  used,  the  power  factor  will  vary  from  approximately 
65  to  80%.  Large  generating:  capacity  is  required  to  pro- 
vide service  of  the  proper  regulation. 

Table  No.  2  has  been  compiled  from  data  obtained  from 
a  number  of  steel  mills  and  shows  the  generating  capacity 
actually  installed  together  with  the  connected  load  in  motors 
and  lighting. 

Three  important  features  to  be  considered  by  the  Cen- 
tral Station  in  negotiations  for  this  class  of  business  are: 
1st — The  size  of  the  installation ;  2nd — The  load  factor,  and 
3rd — The  diversity  between  the  demand  of  this  load  and  that 
of  the  Central  Station.  Securing  this  class  of  business  per- 
mits the  use  of  larger  generating  units  of  greater  efficiency 
and  lower  cost  per  kilowatt  of  capacity.  The  improvement 
in  load  factor  and  diversity  factor  will  reduce  both  the  oper- 
ating and  overhead  cost  of  generation.  The  curves  given 
on  Fig.  4  show  the  effect  of  the  steel  plant  load  on  that  of  a 
large  Central  Station.  Curve  No.  1,  typical  steel  plant  load, 
is  the  sunmiation  of  the  load  curves  given  on  Fig.  3.  Curve 
No.  2  is  the  present  load  curve  of  the  Central  Station  and 
curve  No.  3  is  the  summation  of  Nos.  1  and  2. 
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This  shows  that  the  maximum  steel  plant  demand  is 
21,000  kilowatts  and  occurs  at  2  P.  M.  and  that  the  Central 
Station  maximum  demand  is  67,000  kilowatts  and  occurs  at 
5:30  P.  M.,  and  the  maximum  simultaneous  demand  being 
84,000  kilowatts  5 :30  P.  M.  This  shows  the  diversity  fac- 
tor of  1.05. 


STATISTICAL  DATA 

(By  BRENT  WILEY) 

The  use  of  purchased  power  by  steel  companies  is  rapid- 
ly increasing,  the  total  as  shown  in  Table  3  being  more  than 
300,000,000  kw-hrs.  per  year.  During  the  last  two  years 
approximately  fifty  per  cent,  of  the  motor  units  applied  to 
main  rolls  were  connected  to  Central  Station  companies' 
lines,  and  the  percentage  of  power  used  by  them  as  compar- 
ed with  power  for  the  total  of  motors  on  main  rolls  has  in- 
creased from  12  to  189r. 

The  number  of  companies  using  purchased  power  and 
the  long  (period  of  many  of  the  contracts  is  a  strong  recom- 
mendation, in  particular  from  the  standpoint  of  reliability. 
The  power  rate  is  favorable  as  compared  with  the  cost  of 
generating  power,  in  a  large  majority  of  industrial  plants. 
The  use  of  purchased  power  often  facilitates  the  completion 
of  improvements,  especially  in  the  case  of  the  remodelling 
of  a  plant,  eliminates  the  extra  supervision  and  care  of  a 
power  station,  and  is  a  material  factor  in  reducing  first  cost 

A  reference  to  a  further  discussion  of  detail  advantages 
of  motor  drive  for  main  rolls  of  steel  mills  and  use  of  Central 
Station  power  is  given  in  a  paper  presented  at  the  1915  an- 
nual meeting,  entitled  "The  Electrification  of  Steel  Mills  and 
the  Use  of  Central  Station  Power," 
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APPLICATION  OF  CENTRAL  STATION  POWER  TO 

STEEL  MILLS 

(ByT.  E.TYNES) 

The  result  of  the  application  of  Central  Station  power  to 
the  production  of  steel  are  no  different  than  the  results  ob- 
tained by  power  generated  by  the  plant.  That  is  to  say  the 
motors  operating  in  the  mills  do  not  behave  any  different 
when  operating  on  the  one  kind  of  power  than  they  do  on 
the  other,  other  things  being  equal. 

In  discussing  the  above  subject  the  writer  desires  to 
bring  to  your  attention  two  conditions  of  service,  1st — those 
wherein  all  the  electric  power  used  on  the  plant  is  purchas- 
ed from  the  Central  Station  and  2nd,  where  part  of  the  pow- 
er is  purchased  and  part  is  generated  on  the  plant. 

To  meet  those  conditions  makes  the  selection  of  the 
proper  motor  equipment  an  important  problem,  both  from 
an  operating  and  economic  standpoint. 

In  all  large  modem  Central  Stations  the  power  is  gener- 
ated as  a-c.  at  a  voltage  considerably  higher  than  is  permis- 
sible for  use  around  a  plant.  To  transmit  this  power  over 
long  distances  the  generated  voltage  is  further  raised  to 
several  times  above  its  initial  value  for  the  purpose  of  keep- 
ing down  the  transmission  losses  and  investment  charges. 

At  the  receiving^  end  of  the  transmission  line  this  power 
must  be  re-transformed  to  at  least  two  and  generally  three 
lower  a-c.  voltages,  namely:  6600  or  2200,  440  or  220  and 
110,  and  where  d-c.  power  is  used  further  transformation  is 
required  from  a-c.  to  d-c.  For  rotaries  a  different  a-c.  volt- 
age from  those  given  above  is  required  in  order  to  get  the 
proper  d-c.  voltage. 

The  6600-volt  or  2200-volt  is  used  for  driving  the  syn- 
chronous motor  of  the  motor-generator  sets,  the  large  mo- 
tors driving  the  mills  and  some  of  the  larger  auxiliaries, 
say  from  100  h.n.  up  for  the  6600-volt  and  50  h.p.  up  for 
the  2200-volt  for  driving  pumps,  fans,  blowers,  etc.,  in  those 
locations  where  these  voltages  can  be  used  without  endang- 
ering life  and  property. 

For  the  remaining  auxiliaries  the  a-c.  voltage  is  furth- 
er reduced  to  440  or  220  volts,  motors  wound  for  these  volt- 
ages have  a  wide  range  of  application  covering  almost  all 
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loss,  making  available  for  these  auxiliaries  87.9%  of  the 
power  originally  delivered  for  them.  Another  3  %  will  have 
to  be  deducted  for  that  part  which  is  transformed  from  440 
to  110  volts  for  lighting,  leaving  a  net  available  of  85.3%  of 
the  100%  set  aside  for  lighting.  The  question  may  be  ask- 
ed why  not  transform  from  2200  to  110  rather  than  from 
440  to  110,  and  save  the  3%  loss.  The  reason  is  that  all 
mills  do  not  have  2200  volts,  but  do  have  the  440  volts,  and 
it  is  much  safer  carrying  the  440  volts  around  than  2200. 
The  balance  of  the  power  is  to  be  converted  into  d-c.  either 
by  rotary  converter  or  motor-generator  set. 

If  rotaries  are  used  about  3%  will  be  lost  in  transform- 
ers supplying  the  rotaries,  and  5  %  in  the  rotary  itself,  leav- 
ing a  net  power  delivered  to  the  d-c.  bus-bars  of  83.1%  of 
the  original,  for  use  by  the  rotaries. 

If  motor-generator  sets  are  used  the  losses  of  trans- 
formation will  be  about  12%,  leaving  a  net  power  delivered 
to  the  bus-bars  of  79.4%  of  the  original  power  for  the  motor- 
generator  sets.  A  summary  of  the  losses  is  given  in  Table 
No.  4. 

A  study  of  the  losses  shown  in  Table  No.  4  would  indi- 
cate that  in  deciding  on  the  motor  equipment-tthat  that 
equipment  should  be  selected  which  would  entail  the  least 
losses  to  the  power  delivered  to  the  motors.  If  this  was 
followed  out,  without  regard  to  other  conditions,  we  would 
select  6600  or  2200  volt  apparatus,  but  these  are  physical 
limitations  and  considerations  of  ^'Safety"  that  limit  the  use 
of  those  voltages,  consequently  only  a  relatively  small  num 
ber  of  the  total  motor  equipment  can  use  them. 

Our  next  choice  so  far  as  efficiency  goes,  would  be  fo*- 
the  440  or  220  volt  a-c.  auxiliaries.  These  can  be  used  i^^ 
almost  all  applications  where  d-c  power  is  used,  the  excep- 
tions being  where  variable  speed  and  dynamic  braking  are 
required.  The  d-c.  motors  are  so  much  better  adapted  for 
this  class  of  service  that  the  disadvantage  of  greater  conver- 
sion loss  is  more  than  compensated  for  by  their  flexibility 
and  adaptability. 

The  ratio  of  a-c.  to  d-c.  used  will  vary  greatly  in  differ- 
ent plants,  depending  on  so  many  factors  that  no  standard 
can  be  set. 
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In  general,  in  those  plants  where  power  is  purchased 
and  where  there  are  a  large  number  of  cranes  and  variable 
speed  drives,  it  is  safe  to  say  the  d-c.  will  predominate  for 
auxiliaries  probably  in  the  ratio  of  60%  d-c.  to  40%  a-c,  for 
voltages  of  440  a-c.  or  less  and  250  d-c. 

The  a-c.  is  suitable  for  driving  fans,  pumps,  hot  saws, 
cold  saws,  conveyors,  straightners,  drill  presses  and  possibly 
some  mill  tables.  The  writer  does  not  favor  a-c.  motors  for 
table  drives,  for  the  majority  of  them  require  a  wound  rotor 
type  of  motor  which,  as  a  rule,  is  more  difficult  to  repair 
than  a  d-c.  armature  and  the  d-c.  is  better  adapted  to  heavy 
table  work. 

The  d-c  will  be  used  for  cranes,  tables,  charging  stor- 
age batteries,  electrolytic  work  and  variable  speed  motors, 
especially  those  used  for  driving  machine  tools.  The  type 
of  winding  to  use  as  to  whether  it  should  be  series,  shunt 
or  compound  wound,  will  depend  on  the  nature  of  the  load 
and  the  results  sought.  The  classification  of  the  applica- 
tions to  which  the  above  windings  should  apply  was  discus- 
sed in  a  paper  read  before  this  association  by  Mr.  R.  B. 
Treat,  at  our  annual  convention  held  in  Milwaukee,  in  1912, 
and  need  not  be  gone  into  again  at  this  time. 

In  general,  would  recommend  the  use  of  a-c.  motors 
where  constant  speed,  non-reversing  conditions  obtain  and 
the  d-c.  where  large  starting  torque,  quick  reversing  and 
acceleration,  variable  speed  or  dynamic  braking  are  required. 


THE  CENTRAL  STATION  AND  THE  ELECTRIC 

FURNACE 

(By  W.  H.  COGSWELL) 

Electric  power,  as  a  heat  producer,  has  been  employed 
only  to  a  limited  extent  up  to  the  present  time.  It's  high 
cost  as  compared  with  coal,  gas  or  oil  has  naturally  retarded 
development  in  its  use.  In  recent  years  however,  the  im- 
provements in  generation  and  distribution  of  electrical  pow- 
er has  reduced  the  gap  between  the  costs  of  electric  heat 
and  heat  produced  direct  from  fuel  to  such  an  extent  that 
the  electric  furnace  engineers  have  been  encouraged  to  apply 
their  efforts  toward  the  development  of  thermo-electric  ap- 
paratus. 
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Broadly  speaking,  it  is  safe  to  say  that  the  development 
of  the  electric  furnace  in  steel  making  is  dependent  upon  the 
development  of  Central  Station  service.  The  two  are  in- 
separable. 


DISCUSSION  AT  CHICAGO 


W.  T.  Snyder:  We  certainly  appreciate  the  value  of 
this  paper  which  has  been  contributed  by  the  members  of 
the  Central  Station  Power  Committee.  If  no  other  work 
had  been  done  during  the  year  than  the  Central  Station  Pow- 
er ConMnittee's,  even  that  would  make  membership  in  this 
Association  for  each  and  every  steel  mill  engineer  desirable. 

C.  I.  Crippen:  The  subject  treated  upon  in  this  paper 
is  of  utmost  importance  to  both  parties,  the  Steel  Mill  and 
the  Central  Station;  especially  so  at  this  time  when  mill 
capacities  are  being  increased  constantly;  the  Association 
is  to  be  congratulated  and  the  Committee  complimented  upon 
the  excellent  handling  and  forceful  presentation  of  this  very 
broad  topic. 

The  question  as  to  whether  or  not  Central  Station  ser- 
vice shall  be  used  for  mill  operation  is,  as  has  been  pointed 
out  in  the  paper,  primarily  one  of  economics  but  cases  are 
very  frequently  found  when  the  real  and  principal  economics 
are  not  readily  apparent  until  the  plant  has  been  operated 
by  means  of  purchased  power  for  a  considerable  time. 
Many  examples  could  be  offered  where  the  management  of  a 
mill  property,  having  a  plant  of  its  own  in  operation,  has 
been  very  reluctant  in  entering  into  a  contract  for  the  pur- 
chase of  the  power  requirement,  perhaps  the  actual  saving 
to  be  made  is  small  and  the  purchaser  quite  doubtful  at  time 
of  closing  contract  but  almost  without  exception  this  same 
management  soon  comes  to  be  a  sincere  advocate  of  Central 
Station  service.  Now  why?  Simply  because  of  the  many 
and  various  economics  and  savings  which  are  incidental  to 
an  outside  power  supply;  additional  money,  mental  energy 
and  time  is  available  for  increasing  the  earning  capacity  of 
the  plant. 
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The  method  employed  in  the  paper,  of  making  a  com- 
posite load  curve  for  a  number  of  different  plants  and  sug- 
gesting a  uniform  contract  appears  to  be  open  to  question  as 
the  variables  entering  into  each  case  are  so  numerous  and  of 
such  weight  that  averages  would  seem  to  be  very  uncertain. 
Briefly  some  of  these  points  are  as  follows : 

(1st)  The  relation  of  the  mill  load  curve  to  that  of  the 
Central  Station. 

(a)  Daily  and  annual  load  factors  of  both  items. 

(b)  Time,  shape  and  duration  of  both  peaks. 

(c)  Possibility  of  rearranging  the  general  form  of 
either. 

(2nd)  The  ratio  of  generating  capacity  required  by 
mill  to  that  of  the  Central  Station. 

(3rd)  The  relation  power  factor  characteristics  of 
both  loads. 

(4th)     Cost  of  fuel  or  water  .power. 

(5th)     Transmission  distances  involved. 

From  a  consideration  of  the  above  items  and  others 
closely  related  it  appears  that  each  principal  case  will  have 
to  be  treated  on  its  own  merits  at  least  for  some  time  to 
come. 

The  use  of  electric  energy  for  the  production  and  refine- 
ment of  steel  by  electric  furnaces  of  various  types  is  in- 
creasing rapidly  and  as  is  brought  out  in  the  paper,  the  pow- 
er for  the  operation  of  these  furnaces  is  principally  supplied 
by  Central  Station;  for  this  type  of  load  the  Central  Sta- 
tion rates  are  usually  low  because  of  the  high  load  factor 
and  good  power  factor.  This  use  of  current  for  mill  work 
is  quite  new  and  the  uses  to  which  the  various  furnaces  are 
put  covers  such  a  wide  range  that  the  operating  data  cannot 
be  compared  directly  in  any  number  of  cases.  Generally 
speaking,  however,  electric  furnace  load  is  very  desirable 
load  for  the  Central  Station  and  the  steel  plant  has  been  able 
to  put  in  furnaces  of  this  type  by  buying  their  power  with- 
out going  to  the  expense  and  inconvenience  of  power  plant 
additions.  In  fact,  the  Central  Station  may  be  given  credit 
for  a  good  share  of  the  electric  furnace  development  as 
rates  have  been  made  which  would  permit  the  experimenta- 
tion necessary  to  develop  the  various  types  of  furnaces. 
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the  number  of  units  which  must  be  operated ;  line  mainten- 
ance and  similar  expenses. 

These  expenses  vary  with  the  demand  on  the  plant  even 
though  that  demand  last  for  a  short  period  during  the  day 
and  are  not  materially  influenced  by  the  energy-output  of 
the  plant. 

3.  Those  expenses  which  are  directly  influenced  by 
the  energy-output  of  the  plant  (kilowatt  hours),  namely, 
fuel,  water  expenses,  and  to  a  certain  extent  boiler  main- 
tenance. 

In  determining  a  rate  which,  to  be  sound,  must  be  pro- 
portional to  the  cost,  the  power  companies  have  then  three 
different  elements  which  must  enter  into  the  calculation. 

1.  A  fixed  expense  (general  expense,  etc.,)  which  dis- 
tributed over  the  entire  demand  on  the  power  company's 
plant  will  decrease  per  unit  of  demand  (kilowatt)  as  the  de- 
mand on  the  plant  increases. 

2.  Investment  and  operating  expenses  which  vary 
directly  with  the  demand,  namely,  interest,  depreciation,  etc., 
and  engine-room  wages,  etc.,  as  above  mentioned.  This  will 
increase  as  the  demand  on  the  plant  increases  and  the  num- 
ber or  size  of  the  units  which  must  be  operated  to  meet  this 
demand  increases  and  can  be  assumed  for  a  given  plant  to 
be  a  constant  expense  per  unit  of  demand  (kilowatt). 

3.  Expenses  which  ^vary  with  the  energy  (kilowatt 
hour)  output  of  the  plant  and  which  can  be  considered  as 
constant  for  a  given  plant  per  unit  of  output  (kilowatt  hour). 

In  addition  to  the  above  three  elements  of  expense,  any 
sound  business  enterprise  must  consider  the  element  of  pro- 
fit. This  can  be  added  to  the  expense  above-outlined  either 
as  a  per  cent,  return  on  the  investment,  in  which  case  it  will 
be  added  to  the  demand-charge,  or  a  fixed  profit  per  unit  of 
energy-output  (kilowatt  hours),  in  which  case  it  will  be  ad- 
aed  to  the  energy  charge. 

It  will  be  readily  seen  that  the  combination  of  the  above 
elements  will  indicate  a  two-charge  rate : 

T.  A  charge  per  unit  of  maximum  demand  which  .^ 
customer  makes  upon  the  power  company,  which  charge,  on 
account  of  the  first  element  of  expense  above,  should  be  de- 
creased as  the  size  of  the  customer's  load  increases. 
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Is  it  not  true  that  in  order  to  get  the  low  rate,  we  have 
to  furnish  an  ideal  load,  that  is,  good  power-factor  and  load- 
factor?  Then  why  not  install  such  apparatus  in  our  own 
plants  and  get  further  economies?  By  generating  current 
in  our  own  plants  we  save  some  line  loss  and  often  trans- 
former and  frequency-changer  loss,  and  in  most  cases  have 
continuity  of  service,  which  may  be  of  inestimable  value, 
knowing,  as  I  do,  of  one  large  power  company  having  com- 
paratively long  lines,  of  the  trouble  experienced  by  them 
during  electrical  storms  and  the  delays  thus  occurring ;  con- 
sideration to  this  should  be  given. 

Much  has  been  said  of  flattening  of  load  curves,  but 
if  we  go  back  a  little  further  to  our  boiler  room  we  find  that 
the  electric  power  plant  also  helps  to  give  a  more  uniform 
and  economical  load  there,  together  with  the  necessary  di- 
rect steam-driven  apparatus  which  in  many  plants  would  en- 
tail considerable  expense  to  dispense  with. 

Regarding  attendants  necessary  for  the  care  of  appa- 
ratus in  the  steel  mill  power  plant,  these  in  some  cases  may 
be  done  away  with  if  power  is  purchased,  but  very  frequent- 
ly these  same  men  look  after  other  power  equipment,  such 
as  pumps,  compressors,  etc.  Therefore,  they  should  be  con- 
sidered in  comparison  with  any  men  required  to  care  for 
converters,  etc.,  if  power  is  purchased.  It  has  been  stated 
that  a  personal  "hobby"  of  the  electrical  engineer  in  the 
steel  plant,  of  having  his  own  plant,  prejudiced  him  against 
purchased  power.  This  may  be  true  in  some  cases,  but  most 
of  us  have  our  company's  interest  at  heart;  and  are  doing 
our  best  to  reduce  costs  wherever  possible. 

If  our  plant  engineers  can  effect  economies  that  will 
produce  cheaper  power  than  can  be  purchased,  they  should 
not  be  censored  for  their  personal  interest  and  pride  in  their 
work.  After  all,  comparative  costs  of  some  of  our  self- 
producing  power  steel  plants  would  be  convincing,  as  well 
as  instructive  and  interesting. 

F.  D.  Egan:  The  adoption  of  central  station  power 
will  result  only  from  the  economical  advantages  of  such 
power.  However,  as  the  economy  of  central  station  power 
is  determined  not  only  by  cost  but  also  by  its  improvement 
of  mill  operations,  so  the  economy  of  a  competing  power  and 
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at  about  5 :30  o'clock  in  the  evening,  and  it  is  more  a  case 
of  securing  a  load  for  the  steel  power  plant  than  it  is  of 
purchased  power.  At  that  time  the  large  power  plant  in  the 
steel  plant  could  help  out  the  peak  load  of  the  central  sta- 
tion, flattening  the  total  load  curves  of  the  two  plants  ma- 
terially, that  is,  the  central  station  could  thereby  count  on 
the  standby  capacity  of  the  steel  power  plants,  and  in  my 
mind  in  the  future  this  will  be  tried  out  in  the  large  districts 
of  papulation. 

The  average  steel  mill  load  as  indicated  by  the  auth- 
or's curve  is  very  variable  and  characterized  by  large  peaks. 
The  inefficiency  of  such  a  load  would  favor  centralization. 
However,  properly  balanced  steel  plant  loads,  showing  total 
power  curves  similar  to  Fig.  1,  can  be  obtained.  Also,  by 
proper  balancing  of  synchronous  machinery,  unity  rather 
than  80%  power  factor  is  practical. 

During  an  average  twenty-four  hour  run,  the  total  load 
curve  in  our  Midland  plant  showed  continuous  fluctuation 
of  not  over  250  kw.,  and  the  maximum  and  minimum  output 
were  respectively  3,200  and  1,800  kw.  The  average  load 
throughout  the  day  was  fairly  constant  at  2,300  kw.  and  .97 
P.  F.,  the  minimum  load  occuring  at  noon  and  the  maximum 
at  6:40  P.M. 

The  plant  consists  of  one  450-ton  blast  furnace,  ten 
open  hearth  furnaces  of  100  tons  capacity,  40-inch  bloom- 
ing mill,  28-inch  billet  mill,  Morgan  continuous  mill  and 
24-inch  bar  mill. 

There  is  one  point  to  which  I  wish  to  call  attention  and 
that  is  conclusion  4  under  "Power  Cost  Conclusions,"  which 
says:  "The  willingness  of  the  steel  mill  management  to 
change  their  present  methods  of  using  blast  furnace  gas  and 
substitute  gas  fuel  for  coal  used  for  pre-heating,  soaking 
pits,  etc." 

A  person  familiar  with  the  two  cases  will  realize  that 
the  heat  value  of  blast  furnace  gas  is  90  b.t.u,  and  if  the 
gas  is  washed  and  delivered  the  sensible  heat  will  be  in  the 
neighborhood  of  atmospheric  temperature,  while  in  the  pro- 
ducer gas  we  have  heat  values  of  135  to  140  b.t.u.,  and  the 
sensible  heat  of  1700'*F.  near  the  producers,  operating  on  a 
basis  of  1500  lbs.  of  coal  per  hour. 
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The  alternating-current  motor  could  be  adapted  with 
the  use  of  flywheels  to  the  average  load,  and  kept  within  the 
rsnge  in  question.  Our  plant  does  not  have  such  a  propor- 
tion of  direct-current  to  alternating-current  motors  as  to 
be  unfavorable  to  the  direct-current.  In  the  blast  furnace, 
open  hearth  furnace  and  blooming  mill  we  will  necessarily 
require  direct-current  machinery. 

John  C.  Reed :  I  will  call  attention  to  the  fact  in  using 
60-cycle  current  through  a  frequency  changer  that  care 
must  be  taken  in  endeavoring  to  tie  two  stations  togeth- 
er through  frequency  changers.  The  regulation  in  our 
plant  is  such  that  we  could  not  tie  our  station  to  a  water 
power  plant  of  equal  size  (both  plants  having  about  10,000 
kilowatts  capacity)  through  a  frequency  changer  of  any- 
thing like  1,000  kilowatts  capacity.  The  regulation  is  poor, 
and  it  is  necessary  to  give  them  a  certain  amount  of  the 
load  and  run  the  two  plants  independently.  Otherwise  the 
load  would  crawl  up  on  the  frequency  changer  so  as  to  ex- 
ceed our  guarantees  and  probably  trip  the  breakers  or  en- 
danger the  frequency  changer. 

We  pay  for  this  current  in  accordance  with  the  publish- 
ed rates  of  the  water  power  company  and  in  accordance  with 
the  rules  of  the  Public  Service  Commission.  There  is  no 
getting  away  from  this  and  have  no  special  contract  what- 
soever. In  buying  from  a  company  of  this  kind,  a  lot  of 
things  must  be  taken  into  consideration.  In  this  case,  the 
power  company  is  dependent  on  the  Susquehanna  River  for 
its  source  of  supply  and  it  varies  greatly  throughout  the 
year.  At  low  water,  it  is  a  little  short  and  at  high  water, 
the  tail  water  backs  up,  so  that  it  is  a  little  short  again. 
Then  at  other  times,  ice  forms  in  the  river,  so  it  is  necessary 
to  carry  its  own  reserve. 

We  have  a  cheap  source  of  fuel  besides  the  water  power 
of  the  Susquehanna  River,  since  it  carries  down  large  quan- 
tities of  anthracite  coal  every  year.  This  river  flows  right 
onto  bed  rock  most  of  the  way  and  the  coal  is  pocketed  in 
certain  places  along  the  river.  It  is  easily  sucked  out  with 
a  sand  sucker  and  delivered  at  the  rate  of  75  cents  a  ton — 
a  fairly  good  grade  of  coal.  This  is  the  principal  source  of 
supply  of  the  electric  company  and  enables  it  to  sell  power 
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Such  a  result  might  be  accomplished  by  using  the  gas 
as  fuel  for  a  central  station  power  house — the  central  sta- 
tion purchasing  the  gas  from  the  steel  mills  and  the  mills 
in  turn  purchasing  their  electric  energy  from  the  central 
station.  One  result  of  such  an  arrangement  would  be  a  sav- 
ing in  coal,  another  would  be  combined  diversity  of  gas  sup- 
ply and  power  supply.  Such  a  scheme  may  be  worthy  of 
analysis. 

The  term  "Power  Cost/'  when  central  station  power  is 
referred  to  includes  more  than  when  used  relative  to  i)Ower 
generated  by  the  steel  mill.  A  common  basis  of  comparison 
may  be  agreed  upon,  but  it  is  still  a  question  when  it  comes 
to  obtaining  the  common  basis.  This  fact  has  undoubtedly 
had  more  to  do  toward  retarding  the  introduction  of  central 
station  power  into  the  steel  mill  than  any  other  one  factor. 
In  75%  of  the  cases  where  central  station  power  is  under 
consideration  for  steel  mill  operation,  the  real  decision  or 
rather  the  basis  of  the  decision  comes  from  the  operating 
department,  not  the  financial.  An  operating  department  en- 
deavors to  keep  down  operating  expenses,  it  must  do  so. 
When  a  steel  mill  operator  is  asked  to  recommend  the  in- 
troduction of  central  station  power,  he  is  being  asked  to 
take  over,  as  operating  burden,  a  good  sized  item  from 
capital  account  overhead.  The  result  is  that  operators  can- 
not be  expected  to  concede  much,  overhead,  depreciation, 
repairs,  etc. 

Analysis  in  this  respect,  of  steel  mills  purchasing  power 
will  generally  show  that  their  operating  and  financial  divis- 
ions are  practically  combined  as  one. 

A  comparison  of  rates  offered  by  the  different  central 
station  companies  for  steel  mill  power  service  is  one  of  in- 
terest to  all  and  the  compiled  data  in  the  report  gives  us  an 
idea  of  what  might  be  done  in  this  respect  by  going  further 
into  detail.  In  using  this  data,  it  must  be  remembered  that 
two  or  more  things  to  be  compared  relative  to  one  factor  (in 
this  case  price  per  kw-hr.)  must  be  definitely  fixed  relative 
to  all  other  factors.  This  fact,  however,  is  very  easily  over- 
looked. By  reference  to  Table  No.  1,  we  note  a  list — rates 
for  kw-hr.  Only  two  like  conditions  are  specified,  namely: 
billing  demand  and  load  factor.  W^re  all  other  factors 
given  proper  consideration,  the  listed  prices  i)er  kw.-hr. 
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on  the  boiler  feed  water,  and  if  we  have  duplex  pumps  and  do 
not  allow  for  the  slippage  of  the  pumps,  and  do  not  allow  six 
or  eight  per  cent,  for  blowing  off,  which  is  very  low,  and 
do  not  allow  for  losses  in  the  transmission  of  steam,  of 
course  there  is  twenty  per  cent  that  is  not  accounted  for, 
but  we  can  get  all  these  losses  properly  tabulated,  we  can  get 
them  in  our  records,  and  we  can  find  out  exactly  what  the 
power  is  costing  in  the  present  plant,  with  its  own  equip- 
ment. We  can  then  make  a  comparison  with  the  rates  that 
the  central  station  offers  and  get  something  that  is  of  value. 

The  point  is  brought  out  in  the  paper  that  the  present 
central  station  practice  tends  toward  60  cycles.  Most  of 
the  large  steel  plants  now  installed  have  25-cycle  equipment, 
and  it  is  going  to  mean  a  tremendous  investment  for  these 
plants  to  be  changed  over  to  60  cycles. 

If  we  keep  on  25-cycle  equipment  and  are  considering 
purchasing  power  from  a  central  station,  then  we  must  al- 
ways bear  in  mind  that  that  loss,  as  represented  in  Mi*. 
Tyne's  Table  No.  4,  the  loss  in  the  frequency  changer,  is 
practically  as  much  as  in  the  motor  generator  set,  so  we 
have,  on  Mr.  Tyne's  basis  of  comparison,  25  per  cent,  to  add 
to  the  cost  of  power  before  we  get  power  on  a  comparative 
basis  with  an  alternating-current  bus-bar  in  the  steel  plant. 

Another  point  that  comes  up  in  some  localities  is  the 
fact  that  the  steel  plant  may  be  developing  a  great  deal 
more  steam  than  the  central  station  plant,  and  if  that  is 
generated  on  efficient  steam-generating  apparatus  the  cost 
of  steam  may  well  be  lower  than  the  cost  of  steam  to  the 
central  station  plant  irrespective  of  the  blast  furnace  gases 
or  other  waste-heat,  and  that  is  an  important  item  in  com- 
paring the  two  costs. 

R.  Tschentscher:  I  have  not  come  prepared  to  say 
anything  definitely  on  the  paper,  but  when  the  speaker 
presented  the  abstract  I  was  impressed  with  two  points, 
the  first  being  that  he  seemed  to  be  of  the  opinion  that 
steel  plants  did  not  have  a  very  clear  conception  of  the  cost 
of  power.  I  checked  off  each  one  of  the  items  given  under 
the  heading  "Analysis  of  private  plant  power  costs,"  and  I 
find  that  records  of  all  of  the  items  mentioned  are  rigidly 
kept.     I  believe  the  cost  of  power  generated,  is  within  a  very 


DISCUSSION:    CENTRAL  STATION  POWER  63 

it  runs  as  high  as  eighty  per  cent,  based  on  a  monthly  basis, 
excluding  any  power  generated  on  Sunday. 

The  impression  is  general,  I  believe,  that  central  station 
power  is  more  reliable  than  local  plant  generated  power. 
In  looking  over  the  table  of  present  users  of  central  station 
power  I  see  one  or  two,  perhaps  three,  companies  in  the 
case  of  whom,  I  am  quite  sure,  the  question  of  reliability  is 
not  so  very  prominent.  One  must  be  very  sure  that  the 
plant  from  which  power  is  being  purchased  is  a  large  plant 
and  that  its  source  of  energy  is  reliable,  and  further,  that 
its  feeder  connections  from  its  power  station  to  the  local 
consuming  plant,  is  also  a  very  reliable  installation. 

I  think  the  whole  subject  boils  itself  down  to  the  fact 
that  any  plant  having  waste  energy  of  any  character  what- 
soever, whether  it  is  waste  heat  from  an  open  hearth  furn- 
ace, whether  it  is  blast  furnace  gas,  whether  it  is  by- 
product coke  oven  gas,  or  what  not,  must  consider  very 
seriously  the  use  of  every  available  b.t.u  of  that  energy,  in 
whatever  form  it  exists,  before  considering  the  question  of 
purchasing  power. 

There  are  many  small  plants,  of  course,  that  do  not 
make  pig  iron,  where  there  is  no  question  whatever  of  the 
advisability  of  their  purchasing  power  if  they  are  in  the 
vicinity  of  a  reliable  generation  of  power. 

W.  O.  Oschmann:  There  are  two  points  which  might 
be  mentioned,  although  the  paper  under  discussion  has 
brought  out  many  points  which  govern  the  cost  of  power, 
both  generated  in  steel  plants  and  purchased  power;  how- 
ever, in  comparing  the  costs  it  might  be  mentioned  that  the 
power  company  makes  its  profit  from  the  sale  of  the  energy 
which  it  generates,  while  the  steel  company  makes  its  profit 
from  the  steel  sold.  Therefore,  it  is  necessary  in  the  case 
of  the  power  company  to  add  a  profit  to  the  power  generated. 
Also,  the  central  station  power  charge  carries  the  salaries  of 
president,  superintendents,  clerks,  also  entire  operating  cost 
of  office  building,  while  in  the  steel  works,  as  a  rule,  the  sal- 
ary of  the  superintendents  and  other  expenses  are  a  very 
small  percentage  of  the  charge  to  power  generation,  and  are 
included  in  the  product  of  the  mill. 

F.  D.  Egan:  As  to  the  point  brought  up  by  Mr.  Coey, 
possibly  he  did  not  properly  interpret  my  meaning.     The 
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or  another  privately  owned  plant.  This  extra  cost  due  to 
lowered  load-factor  in  another  plant  may  not  appear  on  the 
balance-sheets  of  the  waste-heat  plant,  but  it  should  be 
charged  against  it  in  making  cost  comparisons. 

There  is  another  evil  against  which  we  are  all  obliged 
to  struggle.  We  put  in  an  economical  well-planned  plant 
at  the  start,  and  then  as  the  need  for  extension  comes,  the 
constant  tendency  is  toward  piece-meal  extensions.  Wheth- 
er from  financial  considerations,  or  from  space  considera- 
tions, or  through  the  need  of  haste,  the  directors  generally 
wish  to  grant  small  appropriations  for  piece-meal  extensions, 
of  course  this  means  a  plant  of  small  units,  a  plant  which  is 
ill-fitted  to  give  the  best  generating  efficiency.  The  power 
cost  is  increased  in  consequence.  The  progressive  central 
stations  are  more  often  far-sighted  in  this  respect. 

There  is  one  advantage  in  introducing  central  station 
power  into  a  plant,  if  it  is  a  comparatively  small  percentage 
of  the  total  power  used.  When  the  cost  of  generation  at 
one's  own  power  plant  is  compared  with  the  cost  of  purchas- 
ed power,  it  is  often  found  that  the  margin  of  saving  be- 
tween "home"  generation  and  purchased  power  is  very  small, 
if  just  overhead  expenses  and  fixed  charges  are  charged  off 
against  the  private  plant,  and  obsolescence  is  considered. 
This  offers  a  powerful  incentive  to  a  loyal  engineering  and 
operating  force  to  further  lower  the  cost  of  production  at 
the  private  plant,  both  by  more  careful  and  intelligent  opera- 
tion and  by  general  improvement  in  equipment.  Such  an 
incentive  and  month-by-month  competition  is  a  purely  psy- 
chological effect,  one  may  say,  but  it  certainly  shows  on  the 
balance  sheet  in  a  way  which  is  very  real. 

D.  B.  Rushmore :  It  has  been  extremely  interesting  to 
listen  to  this  discussion.  Mr.  Lankton  is  deserving  of  a 
great  deal  of  thanks  for  the  energy  and  persistency  with 
which  he  has  followed  up  the  work  necessary  to  collect  the 
information  embodied  in  this  paper.  It  may  be  of  interest, 
and  I  think  it  would  be  desirable  at  this  time  to  second  the 
suggestion  that  this  matter  may  be  on  record,  that  the  con- 
tinuation of  the  work  of  the  Committee  is  desired,  and  the 
asked  for  change  of  name  from  the  "Central  Station  Power 
Committee"  to  the  "Power  Committee"  will  give  it  a  larger 
scope  for  its  work.     That  is  really  the  subject,  because,  from 
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held  under  the  auspices  of  the  U.  S.  Bureau  of  Standards.  In 
England,  the  industries,  such  as  the  steel  industry,  and  the 
professional  societies  are  organized  together  into  one  large 
standards  committee  with  government  representation.  But 
the  people  are  making  their  own  specifications  and  are 
standardizing  for  themselves.  In  this  country  the  situation 
has  rather  ran  away  with  itself  and  the  Bureau  of  Standards 
is  taking  the  lead  in  this  work. 

Whether  or  not  it  is  desirable  to  build  up  a  government 
function  which  is  controllable  while  it  is  small  and  may  be 
uncontrollable  when  it  gets  very  powerful,  or  whether  it  is 
botter  for  the  industries  and  the  professional  societies  to  go 
ahead  very  rapidily  and  do  these  things  themselves  in  ad- 
vance of  the  government,  is  a  question  worthy  of  quite  seri- 
ous consideration.  The  public  service  commissions  are 
regulating  public  utilities,  and  just  as  surely  manufacturing 
companies,  industrial  companies,  such  as  the  steel  indust- 
ries, are  going  to  be  regulated  by  the  Federal  Trade  Com- 
mission, and  electrical  construction  will  come  under  regula- 
tion in  just  the  same  way. 

It  is  quite  interesting  in  a  general  way  to  realize  that 
the  tendency  of  the  times  is  for  mining  and  industrial  com- 
panies to  purchase  power  and  this  largely  for  the  reason  that 
early  investments  are  disappointing  at  the  moment.  As 
now  existing  money  invested  in  public  utilities  or  in  the  man- 
ufacture of  electrical  energy  is  not  as  readily  interested  as 
money  invested  in  steel  making,  mining  and  other  industries, 
the  Board  of  Directors  are  looking  about  for  new  lines  for 
raising  capital  which  can  offer  more  inducements,  and  in  a 
general  way  on  the  basis  of  buying  central  station  power. 
Returns  may  in  the  future  be  restricted  to  the  six  per  cent 
and  undoubtedly  industrials  are  going  to  have  a  long  run  be- 
fore these  restrictions  are  placed  upon  them,  and  the  return 
at  the  present  time,  and  for  some  time  in  the  future,  will  be 
very  much  greater. 

The  Federal  Trade  Commission  has  made  a  statement 
which  is  rather  interesting.  The  member  from  Chicago, 
who  is  now  at  the  head  of  it,  has  said  80  per  cent,  of  indust- 
rial concerns  of  the  United  States  do  not  know  the  cost  of 
the  product  they  are  turning  out  and  as  you  probably  know 
very  active  steps  are  now  being  taken  to  educate  rnanufac- 
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In  order,  however,  to  determine  the  full  value  of  electri- 
fication of  the  plant  and  future  probable  cost  of  purchased 
power,  some  of  the  larger  companies  have  been  acting  on 
the  plan  of  reviewing  their  conditions  "with  the  idea  of  lay- 
ing out  improvements  that  will  cover  a  period  of  five  to  eight 
years.  This  method  has  the  advantage  of  giving  proper 
capitalization  to  the  various  points  of  each  mill  change  as 
they  will  ultimately  exist.  For  instance ;  the  electrification 
of  a  mill  may  figure  a  saving  in  cost  of  operation  of  only  15 
per  cent,  on  the  investment,  but  when  estimated  as  a  part 
of  the  entire  mill  electrification  it  will  probably  yield  an  in- 
creased return  of  double  this  amount.  Thus  it  is  well  to  con- 
sider a  new  extension  from  the  standpoint  of  its  relation  to 
the  plant  improvement  as  a  whole. 

In  the  discussion  of  the  paper  on  "Cost  versus  Upkeep 
of  Direct  Current  Motors",  it  was  staled  Ihat  in  order  to 
obtain  the  desired  quality  of  apiparatus  it  was  usually  neces- 
sary for  the  electrical  engineer  to  capitalize  the  points  of 
superiority  in  detail.  Such  analysis  work  is  essential  in  de- 
ciding the  most  advantageous  apparatus  for  the  application 
under  consideration. 

The  same  point  is  true  in  regard  to  the  sale  of  central 
station  power.  The  best  proposition  from  the  Central  Sta- 
tion Company  is  assured  only  after  the  details  of  the  load 
requirements  are  understock  and  appreciated  by  them.  This 
emphasizes  the  value  of  records,  for  neither  the  Steel  Com- 
pany or  the  Central  Station  Company  can  give  the  proposi- 
tion the  best  consideration  until  the  power  conditions  are 
established. 

The  proportion  of  25  ?ind  60  cycle  installations  made 
recently,  since  Jan.  1st,  1915,  has  been  58  large  25-cycle  mo- 
tor drives  purchased  totaling  96.000  h.p.,  and  58  large  60- 
cycle  units  totaling  71,000  h.p.  Previous  to  this  period  the 
ratio  of  the  60-cycle  to  the  25-cycle  equipments  on  a  total 
horse  power  basis  is  less  than  20  per  cent,  and  less  than  15 
per  cent,  regarding  number  of  units.  These  figures  show  a 
very  rapid  increase  in  the  use  of  60  cycle  apparatus. 

T.  E.  Tynes:  I  think  one  of  the  most  prominent  and 
encouraging  features  brought  out  this  mornin?  in  connec- 
tion with  this  paper  and  the  discussion  is  the  fact  that  the 
central  sation  engineers  and  the  steel  plant  engineers  are 
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gesting  a  complete  and  standard  basis  by  which  to  arrive  at 
total  power  cost.  As  I  said  in  reviewing  the  paper,  the  dif- 
ferent mills  have  power  accounts,  and  other  accounts  which 
overlap. 

As  to  the  question  of  competing  with  blast  furnace  gas. 
It  was  not  our  intention  to  state  that  we  could  not  compete 
as  big  central  stations  with  blast  furnace  gas  on  the  cost 
basis.  The  question  is  rather  that  we  cannot  compete,  tak- 
ing everything  into  consideration.  We  are  well  aware  that 
the  electrical  engineer  has  to  pay  for  this  gas  in  equivalent 
of  coal,  and  that  the  cost  per  kilowatt  hour  is  not  materially 
different  than  a  coal  plant.  Probably  in  a  good  many  cases 
he  would  rather  have  coal,  but  as  far  as  the  steel  mill  itself 
is  concerned,  there  is  this  waste  gas  that  he  is  called  upon  to 
use  in  the  production  of  power. 

We  feel  that  these  are  rather  big  problems,  and  they 
will  take  time  to  work  out  and  the  substitution  of  gas  for 
every  purpose  of  developing  heat  around  the  plant  will  not 
come  at  once,  but  there  will  sometime  be  a  solution  where- 
by the  gas  will  be  used  for  heat  other  than  the  generation 
of  steam,  or  directly  in  the  gas  engine. 

As  to  the  other  question  brought  out,  in  regard  to  Mr. 
Selig's  analysis  of  the  charge  by  different  power  stations  for 
energy.  It  is  not  conclusive,  of  course,  that  all  stations 
charge  for  energy  on  the  basis  of  demand,  consumption,  or 
load  factor.  However,  the  large  central  stations  are  more 
inclined  to  look  upon  that  as  the  most  favorable  charge 
both  to  the  producer  and  consumer,  whereas,  of  course, 
there  are  small  central  stations  which  make  fixed,  definite 
charges  per  kilowatt  hour  and  pay  little  attention,  perhaps, 
to  the  load  factor. 


DISCUSSION    AT    PITTSBURGH 


G.  C.  Hecker:  In  reading  over  the  report  of  the  Central 
Station  Power  Committee,  one  of  the  things  which  came 
to  my  mind  was  the  wide  variation  in  the  methods  used  in 
figuring  the  demand  charge.    They  seem  to  vary  from  aver- 
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The  other  element  referred  to  is  the  "diversity"  of  the 
demands  for  energy  of  the  different  consumers  connected  to 
a  central  station  system.  For  example,  the  business  man 
when  in  his  office  is  burning  his  lights  there;  when  he  leaves 
the  office  he  puts  out  the  office  lights  and  takes  the  elevator; 
he  later  takes  the  street  car  and  finally  reaches  his  home 
and  turns  on  the  lights.  Thus,  he  requires  i)ower  success- 
ively in  his  office,  in  the  elevator,  on  the  street  car  and  at 
home,  but  not  at  any  two  points  at  the  same  time.  Hence, 
if  all  of  this  energy  is  supplied  from  one  source  the  same 
equipment  will  be  used  successively  to  supply  the  power  at 
the  different  points.  This  means  that  the  maximum  load 
carried  at  one  time  on  the  Central  Station  system  is  very 
much  lower  than  the  sum  of  the  maximum  loads  taken  by 
the  different  consumers  connected  to  the  system.  In  Pitts- 
burgh, the  Central  Station's  peak  occurs  at  5 :30  P.  M.  At 
that  time,  although  the  energy  demand  of  the  street  rail- 
ways system  is  at  its  maximum,  that  of  both  commercial 
and  residence  consumers  is  considerably  below  maximum, 
so  that  if  all  of  these  different  classes  of  service  had  to  be 
supplied  from  different  generating  systems,  thirty-five  to 
fifty  per  cent,  more  generating  capacity  would  be  required 
than  is  now  needed  where  all  are  served  from  one  system, 
and  if  each  individual  consumer  were  on  an  individual  power 
plant  five  to  ten  times  greater  capacity  would  be  required. 

On  the  chart  (Fig.  4)  showing  the  effect  of  a  large  steel 
plant  load  on  a  central  station  system,  it  will  be  noted  that 
the  mill  load  will  require  only  17,000  kw.  of  the  Central  Sta- 
tion's capacity  since  that  is  the  load  taken  at  5:30  P.  M. 
the  time  of  the  system  peak;  whereas  if  the  mill  load  was  to 
be  carried  on  a  separate  plant  the  capacity  of  the  plant 
would  have  to  be  at  least  equal  to  the  mill's  maximum  de- 
mand, which  is  21,000  kw.  and  which  occurs  at  2:00  P.  M. 
The  saving  in  plant  capacity  in  this  case,  by  using  the  Cent- 
ral Station,  is  4,000  kw.  or  almost  25%  of  the  mill's  maxi- 
mum load. 

Again,  in  Table  No.  2,  showing  the  generating  capacity 
and  connected  load  actually  installed  at  a  number  of  steel 
mills,  the  generating  capacity,  which  is  made  up  of  units 
of  100  to  15,000  kw.  each,  totals  up  to  62,000  kw.  If  it  so 
happened  that  all  of  these  mills  were  in  one  district  so  that 
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tors,  connected  to  the  mill  by  step  down  gears,  and  it  is  to 
be  hoped  that  the  gear  manufacturers  will  work  out  this 
problem  satisfactorily  so  that  the  excessive  investment  in 
slow-speed  motors  can  be  saved. 

Low  power-factor  is  another  source  of  investment  cost. 
A  power-factor  less  than  unity  increases  the  investment  in 
all  electrical  equipment,  including  generators,  lines,  trans- 
formers, motors,  and  decreases  the  overall  efficiency.  Hence 
anything  that  can  be  done  to  improve  power-factor  is  ad- 
vantageous if  it  does  not  cost  more  than  it  saves. 

H.  C.  Eddy :  As  the  paper  was  abstracted  from  a  cent- 
ral station  point  of  view,  I  made  notes  as  the  various  items 
were  brought  out,  and  some  of  those  have  already  been  dip- 
cussed.  There  are  one  or  two  points  I  would  like  to  con- 
tribute. The  first  one  is,  that  the  question  of  source  of 
power  and  the  way  it  makes  the  wheels  go  round  is  not  an 
abstruse,  deep,  technical  problem  at  all;  it  is  commercial; 
it  is  a  question  of  dollars  and  cents.  The  function  of  the 
steel  mill  electrical  engineer  is  to  provide  power  and  operate 
the  mill  at  the  lowest  possible  cost  to  the  company.  The 
function  of  the  central  station  is  to  assist  him  wherever 
possible.  They  can't  assist  him  if  he  approaches  the  sub- 
ject with  a  mental  attitude  thai  it  is  impossible  for  them 
to  help  him,  and  with  the  idea  that  the  central  station  is 
there  to  exact  all  that  they  possibly  can  for  the  service  that 
they  render,  irrespective  of  any  other  consideration. 

The  central  station  has  the  same  problems  to  meet  as 
the  steel  mill,  and  the  reverse  of  that  is  quite  true.  Low 
power  cost  is  made  up  of  a  number  of  items;  first,  we  will 
say,  production  cost.  I  mean  by  that,  the  cost  of  manu- 
facturing and  putting  energy  on  the  bus-bars:  that  is  com- 
posed of  labor,  fuel  and  miscellaneous  supplies.  The  prob- 
abilities are  there  are  many  steel  plants  in  this  country  that 
can  beat  many  central  stations  in  production  costs,  and  that 
is  particularly  true  when  they  have  had  their  own  chea]) 
fuel  in  the  way  of  coal,  which  they  own  a  id  which  they 
mine,  or  if  they  have  a  cheap  supply  of  gas. 

On  this  foundation,  viz;  production  cost,  there  goes 
another  set  of  costs,  which  are  familiarly  termed  overhead 
costs,  or  fixed  charges,  sometimes  translated  into  maximum 
demand  cost.    The  steel  mill  has  just  exactly  the  same 
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curve.  It  costs  comparatively  little  more  to  produce  a  kilo- 
watt at  10%  load  factor  than  at  90% ;  but  if  you  will  look 
at  the  investment  cost  curve  you  will  find  something  vastly 
different.  The  investment  cost  per  kw-hr.  at  low  load  fac- 
tor is  many  times  that  at  from  75%  to  90% ;  the  sum  total 
of  the  two  represents  the  total  cost.  Now,  I  daresay,  some 
of  you  gentlemen  who  are  in  a  central  station  district  have 
some  desirable  load  on  which  the  central  station  would  be 
delighted  to  make  a  low  rate.  If  you  ask  them  to  take  an 
undesirable  load,  naturally  they  have  to  protect  themselves 
against  increased  cost  occasioned  by  added  charges.  Basic 
conditions  are  the  same  in  the  operation  of  your  own  plants ; 
if  you  have  an  undesirable  load  factor  it  means  you  have 
a  large  amount  of  station  capacity  (which  means  dollars) 
not  utilized,  except  for  very  short  periods  in  the  twenty- 
four  hours.  I  did  not  come  prepared  to  discuss  this  matter 
and  have  been  suggesting  these  points  rather  at  random, 
but  they  are,  I  believe,  of  prime  importance,  and  emphasise 
the  one  big  point  I  would  Uke  to  make,  that  is  the  necessity 
for  full,  frank  and  free  discussion  between  the  engineers 
of  both  parties  to  a  bargain,  and  the  necessity  of  co-opera- 
tion, in  order  that  both  may  derive  the  greatest  possible  ad- 
vantage from  our  business  relations. 

There  is  just  one  more  point  I  would  like  to  touch  on, 
and  that  is  this  question  of  length  of  maximum-demand 
period.  There  is  a  great  diversity  of  opinion  among  central 
stations.  One  operator  will  consider  that  one-minute  peak 
is  the  proper  basis;  another  man  says  10;  another  15,  20, 
30,  or  an  hour.  The  longer  the  period  over  which  the  de- 
mand is  taken,  the  nearer  you  come  to  the  average  condition, 
and  investment  is  not  made  on  average  conditions  but  upon 
maximum  conditions.  One  operator  will  fix  30  minutes,  per- 
haps, because  he  figures  he  will  carry  his  average  load  on 
certain  generating  capacity,  which  capacity  will  carry  an 
overload  equal  to  the  sum  total  of  the  maximum  demand 
made  on  it  for  30  minutes.  Another  station's  condition  may 
be  such  that  would  be  very  hazardous.  For  my  own  part, 
and  speaking  on  behalf  of  my  company,  we  have  felt  it  was 
unwise  to  carry  that  maximum  demand  period  to 
a  point  where  we  were  constantly  calling  on  a  reserve 
or  overload  capacity  on  the  units  in  service  which  were  suffi- 
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Very  few  using  central  station  service  give  the  appara- 
tus the  care  they  do  to  their  own  plant.  They  feel  because 
it  is  central  station,  its  performance  will  go  on  indefinitely. 
Apparatus  that  is  supplied  by  central  station  companies 
should  receive  as  much  care  as  your  own.  The  service  men 
should  see  that  the  apparatus  is  kept  clean;  they  can  prop- 
erly instruct  the  attendant  of  that  apparatus.  They  should 
if  necessary,  call  in  any  higher  talent  to  overcome  difficulties 
that  arise. 

Let  me  cite  a  few  instances :  Once  a  small  machine 
shop  had  a  motor  that  had  been  operating  for  some  five 
years  and  required  a  new  commutator  every  year.  As  soon 
as  our  service  man  found  it  in  that  condition  he  asked  about 
it  and  they  said,  "That  is  the  way  that  motor  always  did." 
They  regularly  put  on  a  commutator  every  year.  The  ser- 
vice man  said,  "Can't  I  look  at  it?"  The  only  time  of  shut 
down  was  on  Sunday,  so  the  service  man  went  on  Sunday 
and  found  one  field  pole  was  reversed,  which  he  corrected, 
then  tried  out  the  machine  and  went  back  Monday  morning. 
It  was  a  machine  designed  by  a  competent  maker  that  had 
slipped  up.  The  customer  was  hibhly  pleased,  and  did  not 
understand  how  it  was  that  the  commutator  about  to 
be  replaced  would  last  several  years.  Another  case  came  to 
my  attention  within  a  week.  Quite  a  large  steel  plant  ran 
into  mechanical  difficulty,  telephoned  in  for  help,  and  with- 
in fifteen  minutes  there  was  a  corps  of  competent  mechanics 
on  the  way  to  repair  a  coupling.  It  was  a  matter  of  service. 
We  felt  the  mill  should  be  kept  running,  and  we  made  a 
temporary  repair  until  we  could  replace  it.  Such  service  as 
that  will  go  a  long  way  towards  making  central  station  pow- 
er satisfactory  to  the  customer. 

It  is  quite  true  that  under  some  circumstances,  service 
of  that  kind  is  not  really  necessary.  We  have  met  some 
narrow-minded  fellows  who  thought  we  made  inroads  on 
their  jobs.  In  fact,  we  have  found,  and  I  could  cite  a  num- 
ber of  cases,  where  some  engineers  who  have  been  the  most 
willing  and  have  met  the  public  service  company  half  way 
and  asked  for  help  when  they  needed  it,  are  the  fellows  who 
have  not  stood  still.  I  could  cite  you  a  case  of  a  young  man 
who  went  into  a  steel  mill  purchasing  central  station  power 
and  the  successful  service  he  gave  there  was  remarkable. 


KO  DISCUSSION:    CENTRAL  STATION  POWER 

He  was  picked  up  by  some  associates  and  taken  as  a  member 
of  u  firm  to  reorganize  another  steel  plant.  It  was  largely 
due  to  the  fact  that  he  wasn't  narrow.  He  did  not  claim  to 
know  it  all,  but  with  his  helping  us  and  our  helping  him  was 
al)le  to  prove  that  he  was  worth  while,  and  they  felt  they 
needed  someone  worth  while. 

A  few  years  ago  we  had  quite  a  depression.  We  all 
became  exercised  as  to  what  our  load  would  do  during  this 
depression,  when  many  plants  shut  down  entirely.  We  were 
surprised  to  find  our  load  going  up.  We  had  started  with 
a  great  many  concerns  by  supplying  them  their  excess  pow- 
er. When  the  depression  came  along,  the  customer  learned 
that  he  could  shut  down  his  plant  and  buy  what  little  power 
ho  reiiuirod  far  l)elow  the  cost  of  operating  his  own  plant; 
invariably  those  customers  who  had  been  buying  a  small 
excess  inmiodiately  started  to  buy  all  their  power,  and  in- 
stead of  output  drop\>ing  off,  it  soared  very  astonishingly. 

Thoro  has  Iveen  some  little  discussion  on  the  matter 
of  demand,  the  demand-period  or  peak-period.  I,  myself, 
am  in  favor  of  short  peak,  because  the  maximum  benefit 
that  can  Ih^  derived  by  any  central  station  from  power  units 
is  thn>ugh  diversity,  Ap[>aratus  generally  has  overload 
caiuicity  of  50s  for  one  to  two  hours.  If  you  sell  a  custo- 
n>or  short  in^^ks,  you  will  have  capacity  for  more  customers; 
laruv  iH^aks  of  two  hours,  for  instance.  If  you  grant  a  cus- 
trmor  a  two-hour  v>o«k  v^riod,  he  may  consume  your  whole 
innk  cajvi^city:  while  if  you  ^11  on  a  short  peak,  you  can 
s\ipply  '^  jiivat  n>;uiy  more  customers  and  supply  many  more 
^>oaks;  your  invostnunit  is  less  and  your  cost  to  consumer 
will  Ih^  loss.  It  n>or\^l>^  rosoh'es  it^f  down  to  make  a  con- 
sunuM*  as  desirable  as  iHv^ibk\  It  has  been  my  experience 
that  it  oosts  very  little  to  ci>nsun>er  to  make  his  load 
dovnablo. 

\  can  cito  a  st^vl  null  buying  ivnver  on  one-minute  peaks. 
Whou  it  Ntarttsl  o;K  its  \H^aks  wore  k«i^  and  high.  After  a 
littlo  stud\»  anan>ixM\>onts  xvort^  made  whei>?by  signals  were 
;^laoisl  \\\  tho  null  and  in  a  short  time  the  miD  hands  learned 
\\\M  h\  \\x\\\u\^  to  tho  siji^als  ^^oy  could  get  out  greater 
totNn;>%^.v  h\  Koopnw  tbo  n\,;l  NvorkiT^rat  a  higber  load-factor 
.»^^il  V  ihh'«\l  jvaks  V)^,o  o.v'isumor  ^ovkx'^red  his  peaks  be- 
twvo^^  '^^  ^\\^\  i<\^  |vt  %vnt  ,  lion^x^  tvsiuocvi  <N:^t  of  pow^  and 
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at  a  capital  cost  of  $12.  You  can  understand  that  $12 
won't  go  very  far  towards  a  central  station,  step-up  station, 
transmission  line  and  step-down  station,  and  I  think  you  will 
agree  with  me  that  under  such  conditions,  it  behooves  the 
consumer  to  make  his  load-factor  as  high  as  possible  to  get 
benefit  of  better  rate.  If  all  consumers  did  such  a  thing, 
it  would  make  much  better  load  for  the  central  station,  and 
would  make  the  central  station  a  very  much  better  service 
to  the  consumer  and  it  would  result  in  material  reduction  in 
the  cost  of  power. 

The  matter  of  power-factor  is  another  case  where  the 
consumer  can  at  a  very  small  cost  save  the  power  company 
a  very  large  cost,  and  if  the  power  company  is  wide-awake, 
it  will  allow  the  consumer  benefits  for  such  service.  I  think 
you  will  find  a  majority  of  the  central  station  companies  are 
granting  from  two  to  ten  per  cent,  for  power-factor  correc- 
tion or  line  potential  regulation.  If  you  regulate  your  load 
for  line  potential,  not  necessarily  running  high  power-factor 
at  all  times,  but  when  loads  are  heaviest,  which  may  mean 
overloading  your  machine  for  a  short  period  and  as  soon  as 
load  is  off,  letting  it  drop  back,  you  will  give  the  power  com- 
pany a  load  which  is  much  more  desirable,  and  the  power 
company  «an  sell  such  service  at  less  money.  We  are  giving 
5  per  cent,  discount  for  line  or  power-factor  adjustment; 
this  can  be  obtained  very  readily  by  installing  synchronous 
apparatus  of  very  slight  over-capacity.  You  can  readily 
understand  that  it  is  much  cheaper  for  a  customer  to  install 
a  liberal  capacity  himself  to  take  care  of  the  power  factor 
condition  rather  than  have  the  power  company  provide  cap- 
acity in  generators,  step-up  transformers,  transmission 
lines,  step-down  transformers  or  synchronous  condensers. 

It  is  quite  true  that  waste  gases  cut  quite  a  considerable 
figure  in  the  cost  of  power.  Just  a  few  days  ago,  a  case 
came  to  my  attention  where  a  large  steel  plant  put  in  a 
very  elaborate  generating  plant  to  use  waste  gases,  but  this 
summer  its  power  has  been  curtailed  due  to  a  shortage  of 
water.  A  short  time  ago,  it  was  taking  water  from  a  dis- 
tance, which  also  had  failed,  and  its  product  was  cut  down 
to  less  than  twenty-five  per  cent.  That  is  a  condition  which 
could  have  been  avoided  had  they  taken  service  from  central 
station,  as  central  stations  are  invariably  located  where  they 
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THE  ADVANTAGES  OF  MODERN  TYPES  OF  DIRECT 

CURRENT  MACHINES 


By  DAVID  HALL 


The  modem  type  of  direct-current  machine  with  com- 
mutating  poles  and  compensating  windings,  and  the  neces- 
sary field  connections,  present  a  certain  complication  as  com- 
pared with  the  plain  non-conmfiutating  pole  machine.  The 
user  of  such  a  machine  naturally  asks :  "why  the  additional 
complication ;  what  am  I  getting  in  the  modem  type  machine 
that  I  did  not  get  in  the  old  type ;  is  the  machine  any  cheap- 
er, or  does  it  p)erf orm  any  better ;  what  can  be  accomplished 
with  the  modem  design  that  was  impossible  with  the  old 
design?"  The  user  may  even  think  that  his  old  machine 
is  as  good  as  can  be  desired,  and  for  its  particular  application 
this  may  be  true;  yet  when  the  cost  of  the  old  machine  is 
considered,  he  will  find  that  the  modern  machine  is  much 
cheaper.  The  materials  are  not  cheaper,  the  copper  and  the 
steel  are  more  expensive,  yet  the  design  of  the  modern  ma- 
chine is  such  that  more  output  and  better  performance  can 
be  obtained  from  the  same  amount  of  material.  This  is  due 
entirely  to  improvements  in  proportions  and  design,  and  the 
direct-current  machine  of  today  is  widely  different  in  many 
details  of  construction  from  the  direct-current  machine  of 
ten  years  ago. 

The  user  is  primarily  interested  in  cost  and  perform- 
ance. In  other  words,  he  wants  a  machine  to  satisfactorily 
perform  a  given  duty,  and  that  machine  which  fulfills  this 
condition  and  costs  the  least  is  his  natural  selection.  Simp- 
lification is,  of  course,  desirable;  in  fact  it  must  never  be 
lost  sight  of  in  the  design  of  any  class  of  machinery,  and 
no  piece  of  machinery  is  well-designed  until  it  possesses  the 
maximum  simplicity,  embodying  the  desired  characteristics. 
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of  the  rotor  increases,  and  directly  as  the  length  of  the  ro- 
tor increases.  Thus,  flux  capacity  may  be  looked  upon  as 
air  gap  area,  and  any  changes  which  increases  or  decreases 
the  air  gap  area  would  cause  a  corresponding  increase  or  de- 
crease in  flux  capacity.  The  steel  above  the  air  gap  and  be- 
low the  air  gap  may  be  looked  upon  as  a  necessary  evil— 
simply  a  carrier  to  make  possible  the  air  gap  flux,  as  also 
may  the  field  copper  be  looked  upon  as  a  necessary  evil — a 
means  simply  of  producing  the  air  gap  flux. 

CURRENT   CAPACITY 

Next  let  us  get  a  conception  of  current  capacity.  We 
can  look  at  the  conductors  adjacent  to  the  air  gap  as  a  belt, 
having  a  definite  area  of  cross  section;  that  is,  the  total 
copper  section  is  equal  to  the  cross-section  of  the  copper  in 
one  slot,  multiplied  by  the  number  of  slots.  If  we  look  upon 
this  total  cross-section  as  the  area  of  one  wire,  we  have  a 
measure  of  the  ampere-wire  capacity,  that  is,  the  current 
which  all  these  conductors  would  be  capable  of  carrying 
when  connected  in  parallel.  If  this  cylindrical  belt  of  con- 
ductors be  considered  as  one  large  wire,  then  the  total  cur- 
rent which  is  carried  represents  the  ampere  wire  capacity 
of  the  winding.  The  ampere  wire  capacity  is  entirely  de- 
pendent on  this  section  of  the  copper,  hence,  other  things 
being  equal,  the  section  will  increase  directly  as  the  vliamete»- 
of  the  armature  increases,  and  it  is  independent  of  the  length 
of  the  armature ;  that  is,  armature  wire  capacity  is  propor- 
tional to  D.  While  the  ampere  capacity  for  a  unit  area  of 
copper  is  not  the  same  for  all  machines,  yet  for  a  given  class 
of  machines  the  copper  section  may  be  considered  a  fairly 
accurate  measure  of  the  ampere  wire  capacity. 

With  flux  capacity,  proportional  to  gap  area,  and  ampere 
wire  capacity  proportional  to  copper  section,  we  now  have 
a  measure  of  a  given  machine — whether  it  be  a  motor  or  a 
generator,  an  a-c.  or  a  d-c,  and  whether  it  stands  still  or  ro- 
tates. We  have  a  mental  picture  of  a  cylindrical  copper 
cage ;  the  total  cross-section  of  all  of  the  bars  of  this  cage 
is  a  measure  of  the  ampere  wire  capacity,  and  increasing 
the  length  of  the  cage  does  not  change  the  ampere-wire 
capacity.  It  is  evident  that  the  ampere  capacity  of  these 
wires  will  depend  on  how  well  they  are  ventilated;  conse- 
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become  fixed,  and  either  of  these  may  be  changed,  but  they 
must  change  together.  If  the  flux  is  increased,  the  wires 
will  be  decreased,  and  vice  versa.  Hence  it  is  that  from 
the  same  diameter  and  length  of  armature  a  machine  of  a 
given  rating  may  be  designed  with  a  relatively  large  amount 
of  flux  and  a  small  number  of  ampere  wires  or  on  the  other 
hand,  the  machine  may  be  made  with  relatively  small 
amount  of  flux  and  a  large  number  of  ampere  wires.  The 
former  machine  will  require  a  large  amount  of  steel  and  a 
small  amount  of  copper;  the  latter  machine  the  reverse. 
The  weight  of  the  machine  is  determined  principally  by  the 
amount  of  steel,  the  former  machine  will  be  a  heavy  ma- 
chine, as  compared  with  the  latter.  Thus  it  is  that  two 
different  designs  for  a  given  rating  may  be  made ;  one  might 
be  called  the  steel  machine,  that  is,  the  heavy  machine ;  the 
other  might  be  called  a  copper  machine,  that  is,  a  light  ma- 
chine. These  different  relative  proportions  of  steel  and 
copper  constitute  different  performances  and  cost,  and  it  is 
around  these  factors  that  designs  may  be  said  to  revolve. 

In  observing  the  above  formula  and  considering  that 
the  flux,  as  it  enters  the  air  gap,  is  perpendicular  to  the 
wires  on  the  armature,  one  might  suggest  that  the  output 
could  easily  be  increased  by  making  the  armature  slots  nar- 
row and  deep  instead  of  wide  and  shallow.  This  argument 
is  entirely  true,  and  the  slots  are  made  as  deep  as  can  be 
permitted,  taking  all  other  factors  into  consideration.  As 
deep  slots  incerase  the  self-induction  due  to  current  reversal 
and  as  at  high  speeds  deep  conductors  may  introduce  othsr 
losses,  it  is  found  that  slow  speed  machines  contain  deep 
slots,  while  high  speed  machines  contain  relatively  shallow 
slots.  The  high  speed  machine  ventilates  better  than  the 
low  speed  machine,  and  consequently  the  copper  can  be 
worked  at  a  higher  density.  As  a  rule,  the  high  speed  ma- 
chine will  have  a  higher  self  induction,  and  in  order  to  ob- 
tain good  inherent  commutation,  it  generally  becomes  ad- 
visable to  use  relatively  shallow  slots  in  high  speed  ma- 
chines. From  the  standpoint  of  efficiency,  these  relative 
proportions  are  also  desirable ;  that  is,  slow  speed  machines 
require  a  large  amount  of  copper,  and  high  speed  machines 
can  be  made  with  relatively  less  copper. 
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is  proportional  to  the  square  of  its  diameter  multiplied  by 
its  lengrf;h. 

Output  is  proportional  to  D  ^L,  where  D  =  diameter  of 
the  armature  in  inches  and  L  =  length  of  armature  in  inch- 
es. 

Kw.  =  D*x  L  X  r.p.m  x  output  factor. 

The  aim  of  the  designer  is  to  obtain  a  high  output  fac- 
tor, that  is,  to  obtain  a  large  output  for  a  given  armature 
diameter  and  given  length  of  armature.  To  put  this  in  oth- 
er words,  the  designer  endeavors  to  so  proportion  the  ma- 
chine as  to  get  maximum  output  at  the  minimum  cost.  One 
way  of  accomplishing  this  is  to  ventilate  the  various  parts  so 
as  to  enable  the  maximum  watts  to  be  dissipated  with  least 
amount  of  heating.  For  example,  the  armature  core  may 
have  a  liberal  number  of  air  ducts,  and  the  armature  spider 
may  be  designed  to  easily  admit  the  air  into  the  core. 

It  may  be  of  interest  to  analyze  the  above  formula  a  lit- 
tle more  closely,  and  see  on  what  the  output  factor  depends. 
The  following  proof  will  show  that  this  output  factor  repre- 
sents what  may  be  called  the  loading  factor  of  the  armature, 
or,  in  other  words,  the  magnetic  flux  per  inch  of  length,  and 
the  armature  ampere  wires  per  inch  of  armature  diameter. 

Let  F  =  No.  of  lines  of  flux  per  inch  of  diameter  per 
inch  of  length  of  armature. 

A  =  Armature  ampere  wires  per  inch  of  armature  dia. 

Total  flux  =  F  X  D  X  L. 

As  the  cutting  of  10 «  magnetic  lines  per  second  by  one 
conductor  generates  one  volt,  and  as  each  conductor  or  wire 
on  the  armature  cuts  the  total  air  gap  flux  once  in  one  revo- 
lution, we  can  write  the  expression  for  the  voltage  generated. 
Volts  =     F  X  D  X  L  R.P  M.  Wires 


10«  60  "  Circuus 

In  this  formulae, represents  the  total  number 

circuits 

of  armature  conductors  divided  by  the  number  of  circuits  in 

the  armature,  or  it  is  the  number  of  wires  in  series  on  the 

armature.     For  example,  the  six-pole  machine  may  have  the 

winding  so  connected  to  the  commutator  bars  as  to  give  six 

paths  in  the  armature.     That  is  what  is  generally  called  a 

multiple  armature  winding,  and  the  ends  of  an  armature  coil 
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iron  loss  is  usually  very  small  because  of  the  low  frequency ; 
consequently,  this  does  not  become  the  limiting  factor,  but 
in  high  speed  machines,  that  is,  machines  of  30  cycles  or 
more,  the  iron  loss  begins  to  be  a  considerable  factor  in  the 
total  losses,  and  must  be  kept  down  in  order  to  make  high 
efficiencies  possible. 

The  ampere-wire  loading  of  the  machine,  as  has  been 
observed,  is  a  direct  factor  in  the  output ;  hence,  the  desir- 
ability of  making  this  high.  The  current  density  which  can 
be  used  in  the  armature  conductor  will  depend  on  the  venti- 
lation, the  permissible  heating  and  the  efficiency  which  must 
be  obtained.  The  section  of  copper  which  can  be  put  on  a 
given  armature  will  depend  on  the  size  and  shape  of  the 
slots.  As  flux  capacity  and  ampere-wire  capacity  are  equal- 
ly important  in  obtaining  output  and  as  the  increase  of  one 
means  the  decrease  of  the  other,  the  design  becomes  a  com- 
promise. If  the  armature  slots  are  made  narrow  and  deep, 
they  interfere  the  least  with  the  available  section  of  iron 
for  the  flux.  As  has  long  been  known,  armatures  with  nar- 
row deep  slots  have  more  self-induction  due  to  current  re- 
versal than  armatures  with  wide  shallow  slots,  and  while  the 
capacity  of  such  armatures  from  the  heating  stand-point, 
as  shown  by  our  formulae,  may  be  very  large,  the  commu- 
tation limit  might  be  much  lower.  The  above  formulae  have 
in  no  way  taken  commutation  into  consideration,  and  if  there 
is  any  one  element  in  a  direct-current  machine  which  is  more 
important  than  all  other  elements,  it  is  commutation.  We 
thus  arrive  at  the  real  reason  for  adopting  some  special 
means  for  taking  care  of  commutation. 

For  many  years,  previous  to  their  general  use,  commutat- 
ing  poles  were  well-known,  but  the  requirements  imposed 
by  the  users  of  electrical  machines  were  being  met  in  a 
reasonably  satisfactory  manner  with  the  old  non-commutat- 
ing-pole  designs.  Necessity  for  machines  with  greater  over- 
load capacity,  for  machines  of  high  speed,  for  wide  range, 
variable  speed  motors,  for  generators  capable  of  operating 
over  a  wide  range  of  voltage,  for  machines  which  would 
stand  reversal  either  mechanically,  electrically  or  both,  has 
led  to  the  general  introduction  of  special  means  for  insuring 
g(K)d  commutation.     This  has  not  come  without  the  addition 
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mutation.  High  speed  generators  supplying  energy  to  such 
reversing  motors  would  not  have  been  considered  under  the 
old  type  of  design.  The  motors  for  speed  variations  of  4  to 
1,  and  generators,  which  will  commutate  throughout  the  en- 
tire range  of  voltage  have  widened  the  field  of  application 
of  electrical  machinery.  These  are  not  all  the  advantages, 
for,  with  good  inherent  commutation,  graphite  brushes  can 
be  used,  as  a  high  brush  contact  resistance  is  not  necessary. 
Such  brushes  have  a  low  co-efficient  of  friction,  and  they  do 
not  wear  the  commutators  as  the  old  carbon  brushes  did. 
Both  the  life  of  the  commutator  and  the  life  of  the  brushes 
are  greatly  lengthened. 

One  of  your  past  Presidents,  having  under  his  chiarge 
hundreds  of  mill  motors,  recently  advised  the  writer  that  his 
armature  troubles  are  almost  a  thing  of  the  past.  Hence, 
it  is  that  operating  troubles  and  maintenance  expense  have 
been  greatly  reduced  by  improved  commutation. 

TYPES  OF  CONSTRUCTION 

There  are  two  general  types  of  field  construction,  which 
are  being  used  in  d-c.  machines.  One  type  using  commutat- 
ing  poles  only  and  the  other  type,  which  is  a  variation  of  the 
commutating  pole  type  and  which  is  called  a  "compensated 
machine".  The  commutating  pole  machine  is  made  by  in- 
troducing additional  small  poles  between  the  main  poles. 
The  small  poles  are  magnetized  by  a  winding  which  is  in  seri- 
es with  the  armature  and  the  brushes  are  so  placed  that  the 
coil  during  commutation  comes  under  the  influence  of  the 
flux  from  the  commutating  poles,  which  flux  is  of  such  value 
and  direction  that  the  cutting  of  same  produces  in  the  coil 
undergoing  commutation,  a  voltage  which  neutralizes  the 
voltage  of  self  induction.  In  a  generator,  the  flux  from  the 
commutating  pole  must  be  in  the  same  direction  as  the  flux 
from  the  main  pole  immediately  ahead  and  in  a  motor,  the 
flux  from  the  commutating  pole  must  be  in  the  same  direc- 
tion as  the  flux  from  the  main  pole  immediately  behind.  An 
easy  way  of  remembering  this  relation  is  to  consider  that  in 
a  generator,  a  piece  of  the  main  pole  is  moved  backward,  in- 
stead of  the  brushes  being  shifted  forward,  and  in  a  motor, 
a  piece  of  the  main  pole  is  moved  forward,  instead  of  shift- 
ing the  brushes  backward. 
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The  next  principal  variation  from  the  commutating  pole 
machine,  is  the  compensated  machine ;  in  fact,  a  comj)ensated 
machine  may  be  looked  upon  as  a  modified  commutating  pole 
machine.  The  commutating  pole  machine  has  the  exciting 
winding  concentrated  about  the  commutating  pole,  while  the 
compensated  machine  has  a  part  of  the  exciting  winding 
distributed  in  the  main  pole  face.  The  total  excitation  is 
the  same  in  both  cases.  See  illustrations.  Figures  1,  2  and 
3,  of  the  directions  of  the  currents  in  the  non-commutating 
pole  machine,  the  commutating  pole  machine  and  the  com- 
pensated machine. 

As  the  commutating  pole  machine  is  simpler  in  me- 
chanical construction  than  the  compensated  machine,  the 
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question  naturally  arises  as  to  why  the  latter  construction  is 
used.  In  order  to  explain  this,  it  is  necessary  to  consider 
the  function  of  the  commutating  pole  winding.  Figures  4 
and  5  show  the  magneto-motive  forces,  which  are  present 
in  both  type  of  machines.  The  essential  difference,  as  will 
be  noticed  from  an  inspection  of  the  diagram,  is  that  in  the 
commutating  pole  machine,  the  armature  reaction  is  not 
neutralized  in  the  zone  "a-b",  while  on  the  compensated  pole 
machine  the  armature  reaction  is  completely  neutralized 
under  the  main  pole.  In  order  to  maintain  the  best  com- 
mutating condition,  the  flux  from  the  commutating  pole 
must  change  in  exact  proportion  to  the  change  of  load.  As 
soon  as  there  is  any  saturation  in  the  commutating  pole, 
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this  exact  relation  is  destroyed  and  the  commutation  limit 
is  soon  reached.  It  is  therefore,  undesirable  to  use  shunts 
around  either  the  commutating  pole  winding:  or  the  compen- 
sating winding,  as  the  presence  of  shunts  may  destroy  the 
straight  line  relations  between  the  armature  current  and  the 
exciting  current  which  produces  the  conmiutating  flux. 

As  the  commutating  pole  must  carry  both  the  useful 
flux  for  commutation  and  also  any  leakage  flux  which  may 
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be  produced  by  its  winding,  it  is  e\ident  that  reducing  the 
leakage  flux  will  increase  the  commutation  limit  of  the  ma- 
chine. The  most  effective  way  of  reducing  this  leakage  flux 
is  to  distribute  the  commutating  p>ole  exciting  field  winding 
in  the  main  pole  faces  and  thereby  increase  the  length  of 
the  path  of  leakage  flux.  This  construction  becomes  what 
we  have  called  the  compensated  machine  and  it  possesses  two 
distinct  advantages  over  the  plain  commutating  pole  ma- 
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chine.  It  has  a  greater  maximum  commutating  capacity 
and  as  the  armature  cross-magnetization  is  neutralized 
under  the  main  poles,  the  maximum  voltage  between  adjac- 
ent conunutator  bars  is  corresponding  less.  By  taking  ad- 
vantage of  these  points,  it  becomes  possible,  by  the  aid  of 
compensaton,  to  increase  the  speed  of  generators  and  to 
make  motors  which  will  meet  more  difficult  cycles  of  opera- 
tion. Within  the  limits  of  the  commutating  limit,  the  com- 
mutating pole  msachine  commutates  just  as  well  as  the  com- 
pensated machine,  but  the  limiting  factor  in  commutation  is 
the  saturation  of  the  commutating  pole  magnetic  circuit, 
and  the  main  factor  in  saturating  this  circuit  is  the  leakage 
flux,  and  as  there  is  less  leakage  in  this  part  of  the  compen- 
sated machine,  the  overload  limit  is  correspondingly  increas- 
ed. 

As  the  number  of  commutator  bars  per  pole  decreases 
with  an  increase  of  speed,  a  high  average  voltage  between 
adjacent  commutator  bars  is  the  result,  and  if  the  number  of 
commutator  bars  is  arbitrarily  increased  in  order  to  obtain 
low  average  voltage  between  bars,  the  armature  reaction  is 
correspondingly  increased,  and  the  distortion  of  the  main 
flux  becomes  greater,  resulting  in  a  high  peak  voltage  be- 
tween adjacent  commutator  bars.  As  has  been  shown  in 
the  compensated  machine,  there  is  no  distortion  of  the  main 
pole  flux;  consequently,  with  the  same  degree  of  safety,  a 
higher  average  voltage  between  commutator  bars  is  permis- 
sible. That  is,  with  the  same  peak  voltage  between  com- 
mutator bars,  the  compensated  machine  can  have  a  higher 
average  voltage  between  bars  than  the  commutating  pole 
machine.  Hence,  for  very  high  speeds,  the  compensated 
machine  makes  higher  ratings  possible.  For  the  same  reas- 
on, the  compensated  machine  makes  higher  voltage  ma- 
chines, for  a  given  speed,  possible. 

The  pole  face  windings  and  the  necessary  connections 
for  the  same  introduce  a  certain  amount  of  complication, 
which  is  inherent  to  the  compensating  windings.  It  is  a 
fact  that  the  compensated  machine  is  not  as  easily  dismantl- 
ed and  not  as  easily  repaired  as  the  commutating  pole  ma- 
chine and  for  pure  simplicity  of  construction  and  minimum 
number  of  parts,  we  must  admit  that  the  old  non-commutat- 
ing-pole  machine  is  superior  to  either  of  the  later  types. 
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sudden  change  of  load.  The  two  characteristics  are  entirely 
different  and  no  attempt  should  ever  be  made  to  apply  the 
same  limitations  to  them.  Voltage  regulation,  as  generally 
referred  to,  apphes  to  a  change  in  voltage  due  to  a  gradual 
change  of  load,  as  distinguished  from  an  instantaneous 
change  of  load,  the  voltage  being  read  by  an  ordinary  volt- 
meter. Such  change  of  load  extends  over  a  period  of  at  least 
a  few  seconds  and  is  of  sufficient  time  to  permit  of  a  settling 
of  the  voltage,  representing  the  usual  condition  of  operation. 
In  certain  classes  of  service,  the  load  changes  very  suddenly 
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over  a  very  wide  range.  These  changes,  if  momentary,  pro- 
duce variations  in  voltage  which  are  of  very  short  duration, 
but  of  large  magnitude.  For  example,  suddenly  throwing 
full  load  on  a  generator  may  reduce  its  voltage  to  almost 
zero  and  suddenly  throwing  off  full  load  may  increase  the 
voltage  twenty-five  per  cent.  These  changes,  which  are  of 
very  short  duration,  can  only  be  measured  by  an  oscillograph 
and  except  for  circuits  used  for  hghting,  these  changes  are 
of  no  consequence.  All  types  of  d-c.  generators  show  these 
momentary  changes  of  voltages  with  instantaneous  changes 
of  load.     See  Figures  6  and  7. 
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EFFICIENCY 

In  efficiency  there  has  been  no  particular  gain  made  in 
changing  from  the  non-coramutating-pole  construction,  in 
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fact,  it  is  evident  that  the  introduction  of  additional  wind- 
ings has  occasioned  additional  losses.    To  counteract  this 


DISCUSSION:    ADVANTAGES  OF  D-C.  MACHINES       103 

parts  are  more  rugged  than  is  necessary  for  ordinary  classes 
of  service. 

Figure  10  is  a  flywheel  motor  generator  set,  which  sup- 
plies energy  to  the  motor  shown  in  Figure  9.  The  direct- 
current  generator  is  compensated  and  it  is  capable  of  supply- 
ing momentary  loads  of  three  times  its  normal  heating  load. 

Altogether,  the  direct-current  machine  has  been  greatly 
improved  by  the  introduction  of  special  means  of  securing 
good  commutation.  Its  field  of  application  and  its  flexibility 
have  been  greatly  widened,  and  at  the  same  time  the  cost 
and  the  weights  have  been  materially  reduced. 

As  an  exceptional  illustration  of  the  satisfactory  ser- 
vice of  modem  motors,  the  writer  has  in  mind  a  particular 
rolling  mill  where  some  175  motors,  aggregating  5000  h.p., 
are  in  use,  and  in  the  last  two  and  a  half  years  the  only  re- 
pairs necessary  to  these  175  motors  has  been  the  re-winding 
of  two  armatures. 


DISCUSSION  AT  CHICAGO 


W.  T.  Snyder:  This  paper  will  now  be  thrown  open  to 
discussion.  In  view  of  the  extra  attachments  that  the  mo- 
tor designers  are  continually  tacking  on  to  our  direct-cur- 
rent motors,  I  wonder  if  it  is  not  in  a  way  putting  the  steel 
mill  fellow  in  the  position  of  being  scared  at  the  cars.  It 
would  appear  that  the  ideal  motor  would  be  a  simple  revolv- 
ing piece  of  iron  for  an  armature,  without  any  winding,  and 
a  magnetic  hoop  around  it,  without  any  winding,  but  the 
longer  the  designers  work  on  these  matters  it  seems  the  fur- 
ther they  get  away  from  that  ideal.  At  first  we  had  a  mo- 
tor with  four  poles  and  it  seemed  to  oparate  satisfactorily. 
Then  they  tacked  four  more  poles  on  it,  and  in  some  cases 
it  had  to  be  done.  Then  they  came  along  with  another  set 
of  compensating  windings. 

We  certainly  had  motors  that  were  designed  and  built 
over  ten  years  ago,  with  four  poles  that  gave  ideal  commu- 
tation under  certain  conditions.  We  have  also  had  motors 
that  were  built  very  recently,  with  the  additional  set  of  com- 
mutating  poles  that  did  not  operate  satisfactorily.    The  ad- 
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tendant  advantages  of  thicker  commutation  bars  for  a  given 
diameter,  and  the  compensated  fields  themselves  are  smaller 
and  of  fewer  turns,  since  there  is  less  armature  reaction  to 
compensate  for.  Also  the  even  voltage  distribution  and 
the  commutator  on  severe  peak  loads.  The  absence  of  this 
is  one  of  the  principal  causes  of  sparking  in  commutating 
and  non-commutating  pole  machines. 

On  duty  cycle  machinery  where  the  motor  is  reversed 
by  the  action  of  the  machine  itself,  with  a  gear  or  direct- 
connected  installation,  it  is  obvious  that  the  breaking  and 
reversing  must  occur  on  the  same  segments  of  the  commuta- 
tor, hence  after  continual  use,  which  may  be  only  a  few  days, 
the  commutators  begin  to  show  signs  of  stress  on  certain 
segments.  This  deterioration  is  detrimental  to  the  machine 
and  unless  periodically  corrected  will  make  the  machine  in- 
operative. 

The  smallest  visible  pin  sparking  and  even  invisible 
sparking  sometimes  due  to  high  voltage  between  segments 
which  several  years  ago  would  have  been  called  perfect  com- 
mutation, is  now  no  longer  tolerable  for  this  class  of  work. 
The  correct  solution  therefore,  appears  when  considering 
the  control  and  motor  as  a  unit  for  this  class  of  work  to  be 
the  fully  compensated  machine  with  its  simpler  controlling 
mechanism. 

Operators  of  direct  current  machinery  accept  commuta- 
tors and  brush  rigging  as  a  necessary  evil.  Ask  the  man 
in  the  shop  how  he  likes  the  certain  direct-current  motor 
which  he  may  be  operating.  He  does  not  teH  you  he  thinks 
there  are  too  many  coils  in  the  motor  or  that  the  motor  runs 
cool  or  too  hot,  but  usually  he  says  that  outside  of  the  sand- 
ing in  the  commutator  occasionally,  the  motor  is  a  good  one. 
Therefore,  anything  that  can  be  done  in  the  design  of  the 
motor  to  further  eliminate  commutation  troubles  and  at 
the  same  time  simplify  controlling  appliances  or  make  the 
motor  stand  more  punishment  with  the  same  controlling  ap- 
pliances, is  to  the  advantage  of  the  user,  and  by  re-arrange- 
ment of  the  coils  in  the  commutating  motor,  the  compensat- 
ing motor  is  derived  and  in  time  will  probably  be  the  univer- 
sal motor  for  this  class  of  service. 

In  the  last  paragraph  of  Mr.  Hall's  paper,  he  states 
that  in  a  particular  rolling  mill  are  175  motors  aggregating 
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as  this  has  a  very  definite  bearing  on  the  details  of  the  mo- 
tor design. 

There  are  some  applications  where  quick  acting  fields 
are  required  and  there  are  other  applications,  where  on  ac- 
count of  the  work  being  done  and  the  nature  of  the  control 
equipment  used,  it  is  desirable  to  use,  relatively  speaking, 
slow  acting  fields,  and  this  is  accomplished  either  by  using 
solid  pole  pieces  with  laminated  faces  or  with  some  form 
of  dampening  device. 

There  are  some  applications  where  a  normal  starting 
torque  is  all  that  is  necessary,  but  if  conditions  should  come 
about  to  demand  a  heavy  starting  torque,  the  interpole  com- 
pensated type  of  motor  has  the  advantage  that  its  maximum 
commutating  capacity  is  at  rest. 

Improvements  in  details  of  construction  have  been  many 
and  include  such  features  as  the  sectional  wound  ventilated 
shunt  field  coils,  compressed  wooden  wedges  for  holding  the 
armature  coils  in  the  slots,  and  ventilating  pieces  riveted  to 
the  laminations  to  prevent  crystalization  and  breakage. 

The  use  of  the  multi  disc  oiling  system  is  also  an  im- 
provement over  the  solid  oil  ring. 

The  method  of  applying  a  motor  to  a  given  class  of 
service  requires  careful  study,  that  is,  whether  it  is  a  belted 
proposition,  a  direct-connected  proposition,  or  a  geared  drive, 
and  if  a  gear  drive,  whether  it  is  to  be  a  spur  gear  or  a 
helical  gear,  and  further,  whether  it  is  to  be  a  two  bearing 
or  a  three  bearing  motor.  Some  motors  operating  at  very 
high  speeds  are  for  direct  connection  only. 

Still  there  are  other  drives  that  have  their  own  pecu- 
liarities, such  as  the  vertical  motor  belted  to  a  vertical  mill, 
requiring  a  certain  tilting  of  the  motor,  also  a  certain  rela- 
tion between  the  center  lines  of  the  driving  and  driven  pul- 
leys, depending  on  the  belt  centers  used. 

So  many  and  varied  are  the  drives  and  conditions  met 
in  your  service,  that  it  is  exceedingly  difficult  to  say  where 
the  steel  mill  drives  begin  and  end. 

The  wide  range  of  direct  current  motor  application  to- 
day, with  its  consequent  lowering  of  the  cost  of  production, 
and  in  many  cases  improvement  in  the  quality  of  material 
produced,  is  due  to  the  advantages  of  modern  types  of  direct- 
current  machines. 
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many  of  the  late  types  of  direct  current  commercial  ma- 
chines have  such  light  frames  that  they  will  not  stand  up 
under  this  class  of  service.  This  class  of  service  is  also  very 
severe  on  the  motor  bearing  on  the  pinion  end  of  the  motor 
and  when  sleeve  bearings  are  used — as  they  are  on  many 
commercial  machines — it  means  that  the  pinion  must  be  pul- 
led off  to  change  a  bearing.  There  is  no  question  but  what 
it  costs  more  to  make  a  motor  with  split  bearings  than  sleeve 
bearings  and  that  sleeve  bearings  will  do  as  good  and  per- 
haps a  little  better  work  while  they  last  than  split  bearings. 
The  point  is  only  appreciated  when  a  bearing  has  to  be 
changed  with  a  mill  waiting  on  it.  Then  the  loss  in  produc- 
tion is  liable  to  be  enough  to  pay  for  the  increased  cost  be- 
tween split  bearings  and  sleeve  bearings  for  all  the  motors 
in  the  mill. 

In  both  motor  and  generator  construction  the  square 
wire  section  looks  ideal  for  many  coils.  The  average  repair- 
man believes  that  square  wire  coils  are  the  invention  of  the 
devil.  When  a  square  wire  coil  has  to  be  raised  after  a  few 
>ears  of  service  for  any  minor  repair  there  is  always  the 
liiibility  of  bending  the  wires  sufficiently  to  break  down  the 
insulation  between  turns  when  it  is  replaced  in  the  slot. 
The  insulation  is  more  or  less  brittle  and  the  coil  must  be 
forced  back  in  the  slot.  As  this  point  is  not  liable  to  show 
up  in  its  most  serious  aspect  until  three  or  perhaps  six 
years  after  the  machines  are  in  service  the  manufacturer  is 
very  liable  to  overlook  it  in  favor  of  the  points  in  design  that 
make  square  wire  armature  or  stator  coils  desirable. 

Another  point  where  the  manufacturer  is  liable  to  go 
too  close  to  the  limit  is  in  working  the  wire  and  copper  up 
to  the  maximum  and  depending  upon  the  air  ducts  and  forc- 
ed ventilation  to  keep  the  machine  cool.  This  is  all  right 
as  long  as  the  ducts  are  entirely  free  from  obstructions,  but 
even  with  the  best  of  care  they  will  clog  to  a  certain  extent 
and  the  rating  of  the  machine  is  automatically  reduced. 
With  the  present  high  temperature  rise  standard  this  is  a 
serious  consideration  as  cotton  is  still  a  factor  in  most  in- 
sulation and  cotton  can  not  stand  over  75"C  for  any  length 
of  time  without  deterioration. 


DISCUSSION:    ADVANTAGES  OF  D-C.  MACHINES         111 

the  most  recent  design,  in  each  case  carrying  250  per  cent, 
load  without  the  slightest  sign  of  sparking  under  the  brush- 
es, and  I  would  consider  it  a  curiosity  worthy  of  a  place  in  a 
museum  if  I  could  see  an  old  non-interpole  machine  carrying 
250  per  cent,  load  without  changing  the  adjustment  and 
without  any  sign  of  sparking.  That  tremendous  overload 
capacity,  without  injury  to  the  commutator,  is,  after  all,  the 
strongest  argument  for  the  use  of  interpole  machines. 

Mr.  Coey  made  the  point  of  eliminating  the  coupling 
between  the  motor  and  the  driven  machine.  An  interesting 
case  was  told  me  by  the  DeLaval  turbine  people  at  Pough- 
keepsie,  where  a  man  had  a  motor  driving  a  punching  and 
reaming  machine.  This  motor  was  driving  a  punch  at  the 
time.  He  had  all  kinds  of  commutator  trouble  until  he 
changed  the  mounting  on  the  motor  and  put  a  belt  on  18 
in.  between  center,  and  the  motor  operated  two  years  and 
no  commutator  troubles  were  apparent  during  that  time. 
I  thought  it  an  interesting  case  of  how  vibration,  a  mechani- 
cal difficulty,  causes  poor  commutation. 

Looking  into  the  future,  and  considering  the  possibili- 
ties which  the  future  may  hold,  but  which  we  cannot  at 
present  see,  I  believe  that  the  ideal  motor  will  have  no  in- 
terpoles,  no  compensated  windings,  but  according  to  the  laws 
of  making  the  best  use  of  nature's  law  of  conservation  of 
energy,  some  one  will  devise  an  armature  winding  which 
corrects  itself,  and  then  you  have  the  ideal  motor.  I  might 
say,  further,  that  I  have  heard  several  designing  engineers 
talking  on  that  line,  as  to  whether  it  is  possible  or  not,  and 
they  are  by  no  means  ready  to  admit  the  impossibility  of 
working  out  such  a  motor. 

I  think  from  the  standpoint  of  making  the  best  use  of 
your  material,  it  is  interesting  to  note  that  a  machine  which 
is  so  designed  as  to  be  a  machine  which  gets  very  hot,  may 
be  an  excellent  commutating  machine  for  the  same  reason 
that  makes  it  a  hot  machine.  Take  a  long  core  machine, 
with  a  large  quantity  of  flux.  That  machine  may  very  well 
heat  up  to  a  point  10  degrees  over  some  other  motor  it  may 
be  compared  with,  yet  that  motor  may  have  50  per  cent, 
greater  overload  capacity,  both  on  heating  and  commutation, 
on  heating  because  there  is  the  big  mass  of  material  which 
produces  heat,  but  that  big  mass  of  material  has  a  large 
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do  the  series  coils  alone  of  the  old  type  machine.  The  ar- 
mature of  the  modem  machine  has  a  greater  number  of 
turns  per  circuit  than  had  the  older  machine,  which  again 
agravates  the  flicker. 

The  subject  of  efficiency  of  the  modern  machine  over 
the  old  type  has  not  received  much  attention,  because  it  has 
been  left  in  the  back-ground  by  the  manufacturers,  while 
the  consumers  attention  was  concentrated  upon  commuta 
tion  and  ventilation. 

The  general  effect  of  interpoles  on  the  no-load  losses 
is  to  decrease  them,  for  a  given  size  machine.  The  brush 
friction  losses  are  less.  The  armature  core  iron  loss  is  less, 
because  less  total  flux  is  used,  and  consequently  less  weight 
of  iron.  The  shunt  field  excitation  is  less  because  of  shorter 
air  gaps. 

The  highest  point  on  the  efficiency  curve  occurs  where 
the  no-load  losses  equal  the  load  losses,  and  because  of  the 
lower  no-load  losses,  the  highest  efficiency  point  is  at  a 
lower  load. 

The  load  losses  plus  the  no-load  losses  are  made  just  as 
high  as  the  designers  skill  in  juggling  ventilation  to  meet 
specified  temperatures  will  permit. 

We  may  take  the  author's  curves,  Figure  8,  curves 
"a"  and  "b"  as  fairly  well  representing  the  efficiency  curves 
of  the  new  and  old  machines.  Curve  "a**  is  that  of  the 
new  interpole  design,  and  curve  "b"  that  of  the  old  non- 
commutating-pole  design  of  the  same  output,  voltage  and 
speed. 

Curve  "a*'  is  typical  of  the  modern  design  which  is  made 
up  of  commutating-pole  plus  "single  rating"  (extreme  ventil- 
ation with  no  over  load  capacity) . 

Curve  "b"  is  typical  of  the  non-commutating-pole  ma- 
chine plus  heavy  cross  sections  of  copper,  because  of  less 
attention  to  ventilation. 

The  question  of  generator  efficiency  will  again  have  its 
day,  and  we  may  arrive  at  the  conclusion  that  when  %- 
load  is  reached,  it  is  most  economical  to  throw  on  another 
generating  unit,  instead  of  the  old  common  practice  of  sav- 
ing steam  by  running  the  old  machine  at  1-Vi-load. 

David  B.  Rushmore:  I  have  not  prepared  anything 
on  this  subject,  but  have  spent  a  good  many  years  in  de- 
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He  further  said  that  the  very  close  connection  and 
mutual  good  understanding  and  co-operation  towards  the 
working  out  of  difficulties  and  problems  that  existed  in  this 
country  excited  his  very  sincere  admiration.  It  is  some- 
thing of  which  we  can  all  be  proud,  that  such  a  state  of  af- 
fairs does  exist  and  has  been  one  of  the  factors  in  the  de- 
velopment of  the  electrical  industry,  both  in  the  manufac- 
ture and  the  use  of  apparatus. 

Another  quite  vital  problem  will  confront  us  in  the 
future.  A  Russian  gentleman  at  present  in  this  country, 
and  very  closely  familiar  with  the  European  electrical  con- 
ditions, was  using  his  utmost  efforts  to  impress  on  me  re- 
cently the  fact  that  American  manufacturers  have  got  to 
change  their  methods,  if  they  hope  to  meet  with  any  very 
great  success  in  foreign  fields.  He  said  that  the  extremely 
liberal  margins  in  American  machines  was  absolutely  un- 
necessary, and  from  an  European  engineer's  point  of  view, 
ridiculous.  I  do  not  know  how  this  will  sound  to  an  Americ- 
an audience,  but  those  were  practically  his  words.  He  said 
that  if  American  manufacturers  expected  to  successfully 
compete  in  foreign  trade  they  must  sell  a  motor  rated  at 
25  h.p.,  which  is  good  for  25  h.p.,  and  not  for  26. 

George  W.  Richardson:  I  might  say  that  I  am  very 
much  interested  in  interpole  motors.  I  am  like  some  of 
the  rest  of  those  present — I  do  not  think  we  need  interpoles 
in  all  motors  and  all  applications  where  we  put  motors.  I 
have  recently  taken  down  one  motor  that  has  been  running 
three  punches.  That  motor  has  been  running  some  twenty 
odd  years,  and  I  think  the  armature,  for  turning  up  the 
commutator,  has  been  taken  out  twice  in  that  time.  The 
original  band  on  the  armature  is  still  on.  The  original 
machines  were  run  from  a  belt.  The  department  wanted 
us  to  change,  and  we  decided  we  would  put  on  the  individual 
motors,  replacing  the  10  h.p.  motor  with  three  7.5  h.p.  mo- 
tors. The  object  of  using  individual  interpole  motors  in  this 
case  was  desirability  of  changing  speed  on  each  machine 
separately. 

As  we  wished  to  speed  up  the  operation  a  little  bit,  we 
started  at  24  punches  per  minute,  and  crept  up  to  28,  and 
now  the  operator  is  doing  very  nice  work  at  28  punches  per 
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that  they  made  a  discovery  that  interpoles  would  add  to  the 
commutating  ability  of  these  motors,  although  they  were 
good  then.  Then  they  put  on  interpoles.  They  also  found 
out  that  they  could  decrease  the  material  and  they  began 
to  do  so. 

We  might  put  it  on  this  basis :  with  the  old  motors  we 
got  a  pound  of  engineering,  with  a  pound  of  service  and  a 
pound  of  material.  Through  the  benefit  of  the  interpole 
they  have  given  us  a  couple  of  pounds  of  engineering,  with 
the  same  pound  of  service,  and  with  a  half  pound  of  ma-, 
terial,  and  the  end  is  not  yet. 

Mr.  Rushmore  has  also  spoken  of  the  Russian  Engineer 
and  how,  if  we  follow  his  advice,  we  will  be  straining  our 
imagination  to  get  the  rating  out  of  the  motor.  I  want  to 
sound  a  note  of  warning  to  designing  engineers  to  please 
leave  us  a  little  material  to  look  at,  we  like  to  have  some- 
thing to  look  at  for  our  money. 

James  Farrington:  There  is  one  point  on  the  question 
of  ventilation.  We  had  a  modem  motor,  small  size,  having 
ventilators  on  the  rotor,  and  due  to  the  sudden  stopping  the 
ventilator  ring  became  slightly  distorted  and  changed  the 
direction  of  ventilation,  causing  a  burn-out  in  that  arm- 
ature. Therefore,  if  they  are  goin?  to  ventilate  and  de- 
pend on  the  ventilator,  the  ventilating  disc  should  be  made 
mechanically  as  strong  as  the  armature  itself. 

C.  A.  Menk:  I  have  enjoyed  the  remarks  on  the  mo- 
dem motor,  and  it  seems  to  have  settled  down  to  the  ques- 
tion of  interpole  motors.  A  great  many  manufacturers 
claim  it  is  unnecessary  to  install  the  interpole.  Even  Mr. 
MacCutcheon  said  that  the  modern  motor  would  be  one  with- 
out interpoles,  that  the  ideal  motor  would  be  designed  so 
as  to  make  up  for  what  the  interpole  is  doin^  now.  This 
seems  to  be  just  the  right  thing  for  a  manufacturer  to  bring 
out  why  they  have  eliminated  the  interpole,  and  what  they 
have  done  to  take  the  place  of  the  interpole. 

E.  H.  Martindale:  Mr.  Hall's  paper  is  very  interesting, 
not  only  from  the  standpoint  from  which  he  wrote  it,  but 
also  from  the  fact  that  it  brings  out  the  limitations  of  fu- 
ture designs. 

It  speaks  very  well  for  the  progress  of  the  electrical 
industry,  of  which  the  motor  and  generator  designer  is  one 
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determined  and  will  always  remain  the  same  steady  load. 
With  a  non-interpole  machine  designed  for  its  maximum 
capacity  any  underload  has  almost  as  serious  an  effect  on 
heating  and  commutation  as  an  overload. 

The  particular  point  I  wish  to  discuss  in  Mr.  Hall's 
paper  is  the  statement  as  follows :  "Better  brushes  are  con- 
tributing to  long  life  of  commutators  and  better  commuta- 
tion has  made  possible  the  use  of  softer  grades  of  brushes, 
brushes  which  contain  graphite,  and  which  have  no  abrasive 
quality,  and  which  possess  the  desirable  quality  of  a  low 
friction  coefficient."  I  want  to  make  emphatic  the  state- 
ment that  it  is  not  necessary  to  have  graphite  in  a  brush  to 
get  low  coefficient  of  friction  and  non-abrasive  qualities. 
Fig.  11  shows  the  characteristics  and  coefficient  of  friction 
curves  for  one  of  the  softest  and  one  of  the  hardest  brushes 
manufactured.  The  curves  marked  S-2,  S-4  and  S-6  are  co- 
efficients of  friction  of  the  soft  brush  at  2,  4  and  6  lbs.  res- 
pectively and  similiarly  the  curves  marked  H-2,  H-4  and 
H-6  are  the  coefficients  of  friction  of  the  hard  brush  at  2,  4 
and  6  lbs.  per  square  inch.  The  abrasive  qualities  of  a  brush 
are  dependent  on  the  percentage  and  composition  of  the 
ash.  Ash  in  carbon  brushes  is  generally  composed  of  mica, 
silica,  quartz  or  iron  oxide.  The  percentage  of  ash  in  the 
soft  graphite  brush  is  10%  to  12%,  while  in  the  hard  car- 
bon brush  it  is  from  .1  to  .3  of  one  per  cent.  It  is  inter- 
esting to  note  that  the  friction  of  the  soft  graphite  brush 
decreases  with  increased  pressure  while  the  reverse  is  true 
of  the  hard  carbon  brush.  This  is  probably  due  to  a  great- 
er mechanical  wear  on  the  soft  graphite  brush  which  re- 
sults in  a  graphitic  lubrication  of  the  ring,  while  in  the  hard 
carbon  brush  no  such  mechanical  wear  occurs.  This  rapid 
mechanical  wear  of  the  soft  graphite  brush  naturally  means 
a  short  life  and  for  that  reason  we  recommend  the  use  of  a 
hard  pure  carbon  brush  for  high  speed  undercut  commu- 
tators. 

Mr.  Rushmore,  in  his  discussion  of  Mr.  Hall's  paper 
brought  up  the  question  of  improvements  in  brushes.  We 
are  often  accused  of  having  been  asleep  on  brush  improve- 
ments until  an  importer  woke  us  up  about  ten  years  ago,  but 
the  fact  of  the  matter  is  that  it  required  the  importer  to 
wake  up   the   consumer.     Before   imported  brushes   were 
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the  machine  to  keep  up  with  the  variation  in  load.  It  is 
apparent  that  the  trouble  with  this  machine  was  that  it  did 
not  have  commutating  poles  and  several  other  improve- 
ments. Another  thing  about  the  machine  was  that  it  was 
considerably  taller  than  I  am,  although  only  2,000  kilowatts 
capacity.  What  would  we  do  with  that  kind  of  a  machine 
on  a  crane,  for  instance,  without  an  increase  of  head  room 
in  all  of  the  buildings? 

I  am  merely  mentioning  this  old  machine  to  show  that 
when  we  get  these  new  motors  we  should  appreciate  them. 

When  it  comes  to  the  particular  features  discussed  in 
the  paper,  I  would  like  to  call  attention  to  the  fact  that  it 
is  not  in  the  moving  parts  of  the  machine,  or  control,  where 
the  so-called  complications  are  being  introduced.  It  is  in 
the  stationary  parts,  that  is,  in  the  fields.  The  perform- 
ance is  being  made  simpler,  and  the  present  complications 
of  the  armature  could  be  made  simpler,  if  desired.  Also, 
the  control  apparatus  is  made  far  simpler. 

A  thing  that  can  be  done  now  that  was  unheard  of 
years  ago  is  to  take  a  550-volt  adjustable-speed  machine 
wound  for  300  and  1200  rev.  per  min.,  let  it  run  at  300  rev. 
per  min.,  weaken  the  field  in  one  jump,  have  it  jump  up  to 
1200  rev.  per  min.,  and  then  strengthen  the  field  in  one 
jump  and  have  it  jump  back  to  300  rev.  per  min.,  without 
any  distress. 

These  new  field  windings  permit  such  things  as  above 
described.  They  have  other  needed  advantages.  Certain- 
ly, they  do  not  have  to  be  used  in  absolutely  all  places.  I 
do  not  think  the  compensating:  winding  is  at  all  necessary 
except  in  the  larger  sizes,  or  where  very  complicated  things 
are  to  be  performed. 

When  it  comes  to  crane  service,  or  coal  and  ore  bridges, 
everything  that  you  can  do  to  cut  down  in  the  weight  is 
certainly  an  advantage  in  performance  as  well  as  in  cost. 
When  we  say  cut  down  in  the  weight,  it  does  not  mean  that 
you  should  cut  down  in  the  weight  just  to  take  out  cost; 
you  can  cut  down  in  the  weight  where  the  weight  is  useless 
and  add  it  to  the  shafts  and  bearings  where  the  weight  is 
needed,  and  that  is  an  improvement,  even  though  you  keep 
the  same  total  weight  of  machine. 
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was  run  at  various  loads,  £.nd  as  the  loads  were  increased 
the  difference  between  the  performance  of  the  two  motors 
was  greater.  The  non-commutating  pole  motor  could  not 
withstand  the  loads  and  heavy  reversing  service  that  the 
commutating  pole  machine  could  stand,  although  on  light 
load,  when  the  service  was  not  so  severe  the  difference  was 
not  so  noticeable. 
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Fig.  12 

The  curve  shown  in  Fig.  12  was  obtained  by  plugging 
the  motor  and  suddenly  reversing  its  direction  of  rotation. 
The  object  of  the  test  was  to  obtain  the  maximum  plugginpf 
current  permissible  at  the  various  speeds.  The  values 
which  this  curve  represent  were  taken  when  a  slight  spitting 
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C.  T.  Henderson :  The  pole  faces  were  slotted  and  the 
grids  simply  inserted  in  the  pole  faces,  so  as  to  provide  a 
path  for  generating  currents  in  these  grids. 

David  Hall:  I  agree  in  general  with  the  comments 
which  have  been  made.  I  believe  that  the  iron  and  steel 
electrical  engineers  are  more  interested  in  direct-current 
machines  than  I  first  thought.  I  feel,  in  view  of  some  of 
the  remarks,  that  there  will  be  a  good  many  mistakes  made 
along  the  Une  of  these  commutating  pole  and  compensated 
machines,  and  I  hope  you  will  take  this  paper  in  the  spirit 
in  which  it  was  written.  The  paper  was  written  with  the 
idea  of  giving  to  those  who  would  read  it  carefully  a  more 
comprehensive  idea  of  the  performance  of  commutating 
poles  and  the  purpose  of  compensated  windings  and  to  show 
wherein  these  modifications  make  certain  machines  possible. 

The  President  seems  to  have  the  feeling  that  many  of 
the  old  machines  are  good  enough,  and  they  have  no  com- 
mutating poles  and  why  introduce  complications?  I  would 
like  to  make  a  few  remarks  along  that  line. 

Some  twelve  years  ago  I  had  the  pleasure  of  assist- 
ing in  the  design  of  a  machine  which  is  still  in  operation 
in  Cincinnati,  rated  at  3,000  kw.,  275  volts,  and  runs  at 
about  75  rev.  per  min.  That  machine  I  think  is  the  larg- 
est rotating  diameter  direct-current  machine  in  the  world. 
The  armature  is  270-in.  in  diameter. 

I  will  call  attention  to  a  machine  in  Cleveland  of  3750 
kw.,  an  increased  output  of  25  per  cent,  and  the  speed  is 
180  rev.  per  min.,  instead  of  75.  That  machine  has  an 
armature  diameter  of  180-in.  We  can  build  machines  to- 
day of  3,000  to  3500  kw.  capacity  to  run  at  a  speed  of  300 
rev.  per  min.  The  armature  diameter  would  be  approxim- 
ately 100-in. 

Now,  whether  you  want  a  machine,  or  do  not  want  a 
machine,  with  commutating  poles  or  compensated  windings, 
is  not  the  point,  when  you  ask  for  a  3,000  kw.  machine 
to  run  at  300  rev.  per  min.  The  point  is,  how  should  the 
machine  be  designed  so  that  it  will  give  3,000  kw.  at  300 
rev.,  and  the  only  way  to  design  it  is  by  introducing  either 
compensating  poles  or  compensated  windings,  or  both.  The 
old  tjrpe  of  machine  must  fade  away.  You  cannot  consider 
the  building  of  such  a  machine.     You  cannot  build  a  ma- 
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I  will  say,  (with  reference  to  his  point  of  trying  to  aban- 
don gearing,)  that  troubles  have  been  caused  by  introduc- 
ing gears  between  the  armature  shaft  and  the  fly-wheel 
shaft. 

For  instance,  if  we  have  a  motor  geared  to  a  counter 
shaft,  and  on  the  counter  shaft  we  have  a  fly-wheel,  and 
from  that  shaft  we  gear  into  a  roll,  thus  introducing  a 
fly-wheel  between  the  motor  and  the  rolls,  we  get  a  very 
bad  hammer  effect  from  the  fly-wheel,  because  it  is  on  a 
different  shaft  from  the  armature.  I  feel  that  there  have 
been  misapplications  along  that  line  which  have  given 
trouble.  Armatures  have  broken  down  because  they  were 
being  hammered  by  a  fly-wheel,  which  no  armature  could 
withstand. 

I  have  always  been  opposed  to  the  use  of  square  wire 
in  general  and  have  used  it  as  little  as  possible,  because  T 
I  always  thought  it  was  a  thorn  in  the  flesh  in  many  ways. 
However,  the  square  wire  does  have  its  advantages  in  sec- 
tion over  the  round  wire,  and  in  some  places  it  is  valuable 
and  justifiable.  The  square  wire  in  field  coils,  I  think  is 
justifiable,  because  it  eliminates,  to  a  certain  extent,  the  air 
space.  A  field  coil  wound  with  square  wire  versus  a  field 
coil  wound  with  round  wire,  has  less  air  pockets  or  spaces 
to  be  filled  up  with  gum  or  something  of  that  nature,  and 
it  conducts  the  heat  better,  giving  a  coil  of  more  uniform 
temperatures. 

There  is  some  economy  in  using  square  wire  in  certain 
field  coils.  The  square  wire  coil  of  a  given  number  of  am- 
pere turns  can  be  put  in  a  smaller  space  than  a  round  wire 
coil  of  the  same  number  of  ampere  turns.  That  is  the  fun- 
damental advantage  of  it. 

The  surging  of  machines  or  the  unstable  speed  at  dif- 
ferent loads  is  a  subject  which  could  well  occupy  an  entire 
meeting. 

We  had  surging  in  the  old  non-commutating  pole  ma- 
chine for  the  same  reason  we  have  it,  to  a  certain  extent, 
in  the  commutating  pole  machine.  It  is  due  to  the  demag- 
netizing and  cross-magnetizing  effect  of  the  armature  am- 
pere turns. 

There  is  one  possible  way  of  slightly  improving  the 
surging  condition  in  commutating  pole  machines,  if  the  com- 
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DISCUSSION  AT  PITTSBURGH 


E.  Friedlaender:  Our  Association  should  be  grateful 
to  Mr.  Hall  for  presenting  such  an  able  paper.  It  is  not 
very  often  that  a  manufacturer  speaks  so  openly  about  the 
construction  and  design  of  his  apparatus. 

I  think  the  advantages  derived  from  the  modem-de- 
signed d-c.  motor  are  just  as  great  to  the  consumer  as  to 
the  manufacturer.  I  hope  we  will  not  go  back  to  the  motor 
of  twenty  years  ago,  when  armatures  and  especially  com- 
mutators had  to  be  repaired  nearly  every  week,  whereas 
now,  the  modem  mill-type  motor  will  run  constantly  for 
years  without  requiring  any  repairs  except  the  replacement 
of  bearings. 

It  is  of  considerable  advantage  to  us  to  have  weight- 
per-h.p.  decreased,  especially  on  cranes,  and  at  the  same 
time  decreased  cost-per-h.p. 

Much  has  been  said  about  the  additional  complication  by 
using  commutating  fields.  I  hardly  think  this  is  the  case. 
With  the  fire-resisting  material  now  used  on  windings,  fields 
are  practically  indestructible,  and  if  kept  clean,  should  last 
indefinitely. 

Whether  the  advantages  derived  from  the  modem  mo- 
tors are  due  to  better  design,  better  understanding  of  select- 
ing the  motor,  better  control,  or  better  brushes;  this  will 
require  some  investigation.  No  doubt  much  good  comes 
from  co-operation  between  consumer  and  manufacturer. 

L.  F.  Galbreath:  There  is  no  doubt  that  the  com- 
mutating pole  motor  has  its  field,  especially  in  large  ma- 
chines where  there  is  plenty  of  room  for  the  commutating 
pole.  The  machine  gets  better  care  and  is  better  built  and 
has  usually  a  more  skilled  repairman  working  on  it  who  is 
familiar  with  the  commutating  poles.  On  small  motors  it 
is  a  question  to  me  as  to  whether  they  have  been  a  success 
or  not,  as  the  conmiutating  poles  are  crowded.  They  are 
placed  in  the  bottom  of  the  case  where  they  are  in  the  oil 
and  dirt  and  are  very  seldom  clamped  to  prevent  them  from 
vibrating  and  going  to  ground. 

The  commutating  poles  are  lined  out  with  liners  which 
sometimes  become  lost  during  repairs  and  then  the  com- 
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they  are  subjected  to  constantly  varying  load  and  speed 
conditions,  such  as  machine-tool  application.  I  believe  1 
am  safe  in  saying  that  the  success  of  individual  motor-drive 
to  machine-tools  was  not  attained  until  the  introduction  of 
commutating  poles 

There  seems  to  be  a  growing  demand  for  shunt-wound 
adjustable-speed  motors  of  heavier  construction  than  the 
standard  industrial  motor  to  meet  the  severe  service  of  steel 
mill  operations  where  a  definite  speed  adjustment  is  desir- 
able and  where  it  has  always  been  necessary  to  use  con- 
stant-speed machines  to  secure  the  required  ruggedness  in 
construction.  Based  on  past  experience  with  machines, 
of  this  type,  I  doubt  very  much  if  they  can  be  made  to  per- 
form successfully  without  the  use  of  commutating  poles. 

Adjustable-speed  mill  type  motors  are  now  available 
in  a  wide  range  of  sizes  so  that  the  mill  engineer  need  not 
further  sacrifice  efficiency  in  operation  for  mechanical  con- 
struction  where  this  application  would  warrant  a  limited 
range  in  speed  adjustment. 

David  Hall:  Replying  to  the  questions  which  were 
brought  up  in  the  discussion ;  the  grounding  of  an  interpole 
coil  is  simply  a  matter  of  insulation.  It  is  just  as  easy  to 
insulate  an  interpole  coil  as  to  insulate  a  shunt  coil ;  oil  or 
water  may  have  gotten  into  this  particular  n\achine,  and 
may  have  been  responsible  for  grounding  the  lower  coil. 
The  coil  would  have  grounded  just  the  same  if  it  had  been 
a  shunt  coil  instead  of  an  interpole  coil. 

Tests  have  been  conducted  in  order  to  show  the  voltage 
variations  on  compensated  machines,  commutating  pole  ma- 
chines, and  non-commutating  pole  machines.  These  varia- 
tions of  voltage,  due  to  suddenly  applied  load,  are  relatively 
very  large,  and  of  very  short  duration,  as  measured  by 
oscillograph.  All  of  these  types  of  machines  show  a  large 
voltage  dip,  due  to  a  sudden  applied  load,  and  with  25%  of 
full  load  suddenly  applied,  they  all  show  a  flicker  on  a  me- 
tallic filament  lamp.  The  fact  that  the  voltage  may  recov- 
er in  a  few  thousandths  of  a  second  does  not  eliminate  the 
flicker. 

The  following  weights  of  machines  are  given  to  show 
the  progress  in  the  design  of  d-c.  generators : 
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It  is  impossible  to  get  as  good  performance  out  of  the 
old  type  of  machine.  Attention  should  be  called  to  the 
fact  that  the  reduction  in  weight  which  has  been  made  in 
recent  years  is  not  all  due  to  commutating  poles.  The 
change  from  cast  iron  to  cast  steel  or  rolled  steel  for  frames 
has  been  a  material  factor  in  reducing  the  total  weight  of 
the  machine. 

The  efficiency  of  the  commutating  pole  machine  would 
be  reduced  were  it  not  for  the  fact  that  deeper  armature 
slots  can  be  used,  and  more  copper  can  be  put  on  the  arm- 
ature, as  the  commutation  is  taken  care  of  by  the  commutat- 
ing pole.  Also,  less  main  field  winding  can  be  used,  and  the 
commutating  pole  machine  is  thus  made  equal  to,  or  better 
than,  the  old  type  machine  in  efficiency. 
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The  trend  of  evolution  of  power  supply  in  iron  and 
steel  plants  has  been  to  electrify  every  machine,  up  to  and 
including  the  main  rolls,  and  to  concentrate  the  power  gener- 
ating apparatus  in  a  central  power  house  containing  steam 
turbines  in  regions  of  cheap  fuel,  and  gas  engines  (with  an 
auxiliary  steam  turbine  for  overloads)  in  regions  of  dear 
fuel. 

Into  this  evolution  stepped  the  Unaflow  engine ;  it  now 
promises  or  threatens  (depending  upon  the  viewpoint)  to 
change  the  march  of  events.  The  iron  and  steel  plant  elec- 
trical engineer  is  particularly  interested  in  this  problem,  be- 
cause a  change  would  deeply  affect  his  work.  For  him  the 
two  following  possibilities  are  of  importance:  The  Unaflow 
engine  may  find  a  place  in  the  works  power  plant,  or  else  it 
may  drive  rolling  mills  directly,  doing  away  with  the  double 
conversion  of  mechanical  into  electrical  power  in  the  central 
station  and  back  again  into  mechanical  at  the  mill.  In  Ger- 
many the  Unaflow  engine  has,  in  many  places,  been  used  for 
direct  rolling-mill  drive  in  preference  to  electrical  drives. 
The  question  to  be  studied  by  this  paper  then  is,  what  has 
been  accomplished  in  the  United  States  in  the  development 
of  this  type  of  engine,  and  what  is  the  outlook  for  the  fut- 
ure? 

The  history  of  the  Unaflow  engine  begins  in  1907.  In 
that  year  Prof.  J.  Stumpf,  of  Charlottenburg,  Germany,  be- 
gan his  designs  and  applied  for  patents.  The  characteris- 
tic part  of  the  Stumpf  engine,  as  is  well  known,  is  the  cylind- 
er with  steam  admission  at  the  ends,  discharge  in  the  center, 
and  steam  jacketed  heads  (see  Fig.  1.)     The  idea  of  steam 
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At  the  present  date,  the  period  of  experimenting  is  practic- 
ally over,  and  the  time  is  ripe  for  a  review  of  the  situation. 

The  principal  claims  for  the  Unaflow  engine  are  econ- 
omy, simplicity,  reliability  and  freedom  from  attendance. 

Let  us  consider  these  features  in  the  order  mentioned 
and  then  judge  whether  we  can  profitably  use  the  Stumpf 
engine  in  our  work. 

In  the  steel  works  power  plant  this  engine  will  have  to 
compete  with  the  gas  engine  and  with  the  steam  turbine. 
The  gas  engine  uses  7,500  to  9,500  b.t.u.  per  indicated  horse- 
power-hour, whereas  the  Unaflow  engine,  running  condens- 
ing, uses  from  11,000  to  13,500  b.t.u.  in  the  steam,  and  more 
in  the  fuel  gas,  depending  upon  the  boiler  efficiency.  There 
is,  in  consequence,  little  hope  of  replacing  the  gas  engine 
by  the  Unaflow  engine. 

When  we  come  to  a  comparison  between  the  engine  and 
the  turbine,  variation  of  steam  pressure  and  of  back  pressure 
make  it  advisable  to  leave  the  b.t.u.  basis  and  to  introduce 
Rankine  cycle  efficiency,  which  means  the  ratio  of  the  work 
actually  produced  from  unit  weight  of  steam  to  the  work 
which  could  be  produced  by  the  same  weight  of  steam  pass- 
ing through  the  Rankine  cycle.  From  a  great  number  of 
published  tests  made  on  the  very  best  turbines,  the  author 
has  formed  the  following  averages  for  condensing  operation : 
Size  of  turbine,  kw.  500  1000  2000  5000  10,000 

Rankine  cycle  efficiency  .62     .66      .71      .77        .82 

(Referred  to  Brake  h.p.) 
For  non-condensing  operation  the  values  are  much  lower. 

For  the  Stumpf  engine,  data  furnished  by  the  Stumpf 
Unaflow  Engine  Company,  tests  made  by  the  author  and 
data  from  Ames  Iron  Works  and  from  the  Cooper  Company 
indicate  the  following  efficiencies : 

Size  of  engine,  Kw.  300        600 

From  3  lbs.  per  sq.  in.  back 
pressure  above  atmosphere 
down  to  about  23"  vacuum. 
Efficiency 


(  Saturated 

71 

74 

(  lOQo  Superheat 

75 

77 

(  200°  superheat 

78 

79 
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gine  is  ahead  of  the  electric  drive,  unless  the  steel  plant  is 
so  larjre  that  turbo  units  of  over  8000  kw.  capacity  can  be 
installed. 

The  economy  of  the  Unaflow  en^ne  compared  to  that  of 
the  steam-turbine-electric  drive,  taken  by  itself,  is  not  en- 
ough better  to  explain  why  the  Unaflow  engine  should  fare 
differently  from  the  compound  engine.  The  Rankine  cycle 
efficiency  of  a  good  compound  engine  is  practically  the  same 
as  that  of  the  Unaflow  engine,  but  there  is  one  vital  differ- 
ence:   To  obtain  that  high  efficiency,  the  compound  engine 


Fig.  3 

must  have  a  small  high  pressure  cylinder  (which  cuts  down 
condensation  area) ;  but  the  small  size  of  the  latter  means  a 
small  overload  capacity,  and  quick  departure  from  best  eHi- 
ciency  for  comparatively  small  changes  of  load.  Fig.  2  illus- 
trates the  water-rate-against-Ioad  curve  for  a  well  known 
compound  engine.  Comparison  of  this  curve  to  the  t.vpical 
water  rate  curve  of  a  Unaflow  engine.  Fig.  3  (Ames  Iron 
Works),  shows  the  difference  to  be  very  marked.  Mill 
loads  are  notoriously  variable,  because  small  variations  in 
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mill,  will  cost  less  than  a  turbine  plus  generator,  plus  switch- 
board, plus  motor,  plus  gear  drive. 

A  great  deal  has  been  written  on  the  reasons  for  the 
economy  of  the  Unaflow  engine ;  nevertheless  the  author  will 
try  to  present  the  underlying  facts  again  in  as  concise  form 
as  possible.  The  secret  of  the  economy  of  the  Unaflow  en- 
gine lies  principally  in  reduction  of  internal  cylinder  conden- 
sation. In  the  duoflow  single  expansion  engine,  cylinder 
condensation  is  so  great,  that  a  very  great  free  expansion 
loss  must  be  allowed  for  best  economy  (or  rather  for  mini- 
mum wastefulness).  In  the  compound  and  triple  expansion 
engine,  cylinder  condensation  is  reduced  so  that  the  free  ex- 
pansion loss  can  also  be  reduced,  but  mechanical  losses  due 
10  the  passing  of  the  steam  through  so  many  valves  become 
great.  In  the  duoflow  engine,  cylinder  head,  cylinder  barrel 
and  piston  head  are  alternately  heated  and  cooled  by  live 
steam  and  exhaust  steam  sweeping  over  them  and  wiping 
heat  "on  and  off."  In  the  Unaflow  engine,  only  the  piston 
head  has  heat  wiped  off  during  the  extremely  short  period 
of  exhaust,  the  steam  near  the  place  of  entrance  of  live 
steam  being  at  rest  like  the  fixed  end  of  an  expanding  coiled 
spring  during  exhaust,  and  hke  that  of  a  compression  spring 
during  compression.  Besides,  the  cylinder  head  and  part 
of  the  barrel  are  steam  jacketed,  and  steam  jacketed  surf- 
aces are  cooled  very  httle  by  stagnant  steam.  It  may  be  re- 
marked again  that  the  mere  provision  of  a  central  exhaust 
does  not  bring  about  a  successful  Unaflow  engine ;  the  steam 
jacketing  of  the  heads  and  of  part  of  the  barrel  must  go  with 
it,  to  produce  the  thermodynamic  superiority  over  the  duo- 
flow engine. 

In  the  duoflow  engine,  long  compression  means  increas- 
ed steam  consumption,  principally,  because  the  steam  tem- 
perature exceeds  the  cylinder  (or  piston)  wall  temperature 
a  longer  time  than  it  would  with  shorter  compression.  In 
the  Stumpf  Unaflow  engine  the  steam  which  is  being  com- 
pressed is  in  contact  with  progressively  hotter  surfaces, 
with  the  exception  of  that  of  the  piston,  and  the  steam  tem- 
perature never  rises  very  much  above  the  wall  temi)erature. 

The  second  reason  for  the  economy  of  the  Unaflow  en- 
gine lies  in  the  enforced  or  compulsory  tightness.  Steam 
cannot  leak  from  the  live  steam  space  to  the  exhaust.     If 
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experienced,  naturally  appeared  more  forcefully  in  the  larg- 
er sizes,  with  the  result  that  the  smaller  sizes,  developed  by 
the  Ames  Iron  Works  and  the  Skinner  Engine  Company 
have  made  more  progress  in  numbers  than  the  larger  sizes. 
It  can  safely  be  said  that  the  Unaflow  engine  to-day  is  as 
reliable  as  the  simplest  engine  of  the  duoflow  type. 


In  conclusion,  a  few  additional  steam  consumption 
charts  may  be  appreciated.  To  the  scientific  engineer  they 
do  not  mean  as  much  as  Rankine  cycle  efficiencies,  but  habit 
has  led  many  of  us  to  think  in  pounds  of  steam  per  horse- 
power-^our.  Consequently,  Figures  6  and  7.  are  given, 
lowing  steam  consumption  of  various  types  and  sizes  of 
Unafiow  engines. 
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the  exhaust  nozzle  the  guarantees  are  as  follows : 

B.  H.  P 250        500      750       1000       1250       1500 

Lbs.  Steam  Lh.p.  13.55    12.45    12.30      12.70      13.30      13.90 
Lb.  Steam  B.h.p.  17.6      14.3      13.5        13.7        14.1        14.6 

As  in  the  case  of  the  larger  unit  I  would  call  your  at- 
tention   to  the  wide  range  of  efficient  operation. 

Mr.  Trinks  has  called  attention  to  the  fact  that  we 
have  become  accustomed  to  talking  in  terms  of  lbs.  of  steam 
per  kw-hr.  or  per  i.h.p-hr.  and  points  out  the  fact  that  the 
Rankine  cycle  efficiency  is  a  better  method  of  comparing  the 
efficiency  of  prime  movers.  This  is  true  not  only  in  de- 
termining what  type  of  prime-mover  shall  be  used,  but  also 
in  determining  whether  power  shall  be  bought  or  not.  I  have 
often  heard  good  engineers  say  they  could  not  afford  to  gen- 
erate power  because  their  turbines  took  20-lbs  of  steam  per 
kw-hr.  while  the  central  station  could  generate  at  about 
13-lbs.  The  older  installations  in  steel  plants  usually  are 
operated  at  150-lbs  maximum  gauge  pressure  at  the  boilers. 
The  modem  central  station  has  taken  advantage  of  high 
steam  pressure  and  superheat  to  gain  the  extra  percentage 
that  can  be  obtained  by  using  the  higher  boiler  pressure. 
The  Rankine  cycle  efficiency  of  a  turbine  operating  at  200- 
Ibs.  gauge  saturated  steam  with  29"  vacuum  and  a  water 
rate  of  13.0  lbs.  per  kw-hr.  is  just  the  same  as  that  of  a 
turbine  operating  at  150  lbs.  gauge  saturated  steam  with 
26"  vacuum  and  a  water  rate  of  16.6  lbs.  per  kw-hr.  or  of 
another  unit  running  at  150  lbs.  gauge  saturated  steam 
against  5  lbs.  gauge  back  pressure  with  a  water  rate  of 
30.9  lbs.  per  kw-hr.  In  each  case  the  Rankine  cycle  effi- 
ciency is  70%.  In  the  latter  case  the  low  pressure  steam 
might  be  needed  for  some  special  plant  operations  and  the 
idea  that  the  machine  was  inefficient  would  be  erroneous. 
In  going  to  high  steam  pressures  and  superheat  it  is  pos- 
sible to  gain  a  few  per  cent,  in  overall  efficiencies  but  never- 
theless it  does  take  more  coal  to  bring  steam  up  to  250  lbs. 
gauge  pressure  with  100^»  superheat  than  it  does  to  make 
saturated  steam  at  150  lbs.  gauge  pressure.  When  we  com- 
pare water  rates  indiscriminately  we  assume  that  as  much 
of  high  pressure  superheated  steam  can  be  developed  from 
a  pound  of  coal  as  is  developed  at  the  lower  pressure.    The 
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diagram  (Fig.  8)  shows  a  simple  method  of  determining 
the  Rankine  cycle  efficiency  of  any  unit  very  readily.  A 
ruler  from  the  left  hand  line  showing  pressure  to  the  right 
hand  line  showing  vacuum  will  give  the  theoretical  water 
rate  of  a  perfect  engine.  This  divided  by  the  actual  water 
rate  gives  the  Rankine  cycle. 
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mills,  etc.  However,  the  other  factor  must  always  be  borne 
in  mind  that  the  transmission  of  steam  over  any  great  dis- 
tance is  inherently  inefficient.  Consequently  mills  at  a  con- 
siderable distance  from  the  source  of  steam  supply  will  be 
driven  by  motors  whether  the  prime  mover  for  the  gener- 
ations of  power  be  a  turbine  or  a  Unaflow  engine. 

In  transmitting  steam  the  loss  is  represented  by  the 
amount  of  heat  that  is  radiated  from  the  steam  line  and  the 
amount  of  heat  that  goes  down  the  sewer  from  the  traps  in 
the  line. 

In  electrical  transmission  if  we  get  a  difference  in  tem- 
perature of  more  than  32^  between  the  copper  and  the  out- 
side air  we  consider  that  we  are  running  inefficiently.  This 
represents  in  a  nutshell  the  differenca  in  efficiency  of  trans- 
mission by  steam  and  electricity. 

G.  C.  Emmons:  Professor  Trinks  has  shown  that,  in 
instances  where  turbine  generators  of  over  8,000  kw.  are  not 
warranted,  the  Unaflow  engine  will  drive  rolling  mills  with 
greater  economy  than  will  be  secured  with  motors  driven 
from  turbine  generators. 

Say,  therefore,  we  elect  to  install  Unaflow  engine  driv- 
en rolling  mills  and  consider  for  the  moment  the  effect  of 
modem  steam  conditions  and  the  Unaflow  engine  upon  our 
steam  transmission  losses. 

We  are  daily  adopting  higher  steam  pressures  and 
higher  superheat,  for  both  make  for  increased  economy, 
whether  the  units  are  of  the  turbine  or  reciprocating  type. 
Both  these  factors  increase  the  steam  temperature  and, 
therefore,  the  radiation  losses  per  square  foot  of  pipe  surface 
are  increased. 

As  Professor  Trinks  has  pointed  out,  another  charact- 
eristic of  the  Unaflow  engine  is  its  very  short  cut-off.  If  we 
connect  the  boilers  or  steam  header  to  the  engine  throttle 
with  a  constant  size  steam  range  proportioned  for  an  aver- 
age velocity  of,  say,  6,000  ft.  per  minute,  we  will  find  that 
we  obtain  a  greater  pressure  drop  with  a  Unaflow  engine 
than  with  a  Duoflow  engine  for  the  reason  that  the  maxi- 
mum velocity  of  flow  in  the  range  varies  inversely  as  the  cut- 
off, and  the  pressure  drop  varies  as  the  square  of  the  velo- 
city. 
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grees  of  superheat  it  may  be  advisable  to  furnish  poppet 
type  valves  for  the  high  pressure  cylinders,  but  superheat 
used  in  Corliss  engines  up  to  a  total  temperature  of  500°  F. 
has  proven  perfectly  satisfactory  and  are  in  common  use  in 
the  United  States. 

The  trend  of  recent  practice  has  been  towards  the  cen- 
tralization of  power  production,  electric  transmission  and 
motor  application  to  the  machines.  In  most  instances  high 
vacuum  is  possible  and  the  steam  economy  of  large  turbo 
units  has  reached  a  point  that  is  particularly  gratifying. 
While  it  is  true  that  the  transmission  lines  and  the  electrical 
conversion  entails  some  loss  in  economy,  the  flexibility  which 
is  possible  with  electric  drive  goes  far  toward  off -setting 
this  factor.  Assuming  that  individual  engines  with  long 
steam  lines  would  give  the  same  economy,  which  in  most 
cases  is  doubtful,  it  is  hardly  probable  that  the  trend  will  be 
toward  a  decrease  of  large  power  units  and  electric  drive 
in  favor  of  direct  engine  connection. 

F.  D.  Egan:  The  author  in  his  discussion  of  Rankine 
cycle  efficiencies  does  not  state  clearly  whether  his  basis 
of  comparison  is  indicated  or  brake  horse-power.  This 
point  is  very  important,  as  the  mechanical  efficiency  of  a 
high  speed  rotary  unit  is  materially  higher  than  the  slow 
speed  reciprocating  type,  and  what  we  are  finally  interested 
in  is  the  thermo-dynamic  efficiency  or  the  ratio  of  heat  ap- 
plied at  the  shaft  or  belt  to  the  heal  supplied  to  the  engine. 
Neither  does  he  include  the  steam  lost  in  jacketing  nor  the 
efficiency  of  steam  transmission. 

Notwithstanding  that  the  Unaflow  engine  shows  bet- 
ter Rankine  cycle  efficiencies  than  turbines  of  8,000  kw.  capa- 
city, as  stated  by  the  author,  the  turbine  is  a  far  more  eco- 
nomical heat  unit.  The  Rankine  cycle  for  reciprocating  en- 
gines expands  the  steam  to  release  pressure,  whereas  the 
cycle  for  the  turbine  expands  to  exhaust  pressure.  There 
remains,  therefore,  to  the  turbine  heat  available  which  con- 
not  be  utilized  by  a  reciprocating  engine,  or  in  other  words, 
the  turbine  is  capable  of  taking  the  used  steam  of  a  recipro- 
cating engine  and  converting  part  of  its  heat  into  mechanical 
energy. 

Manufacturers  will  guarantee  water  rates  of  14.1  lbs. 
per  kw-hr.  at  terminals  of  the  generator  of  a  5,000-kw.  tur- 
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the  en^rine  drive,  the  additional  cost  of  an  air  pump,  motor 
driven  circulating  pump,  and  condensei  to  the  cost  of  the  en- 
gine. This  would  be  chargeable  in  total  against  the  engine, 
while  at  the  power  plant  only  one-third  of  the  cost  of  the 
condenser  would  be  chargeable  to  the  motor  cost.  In  fact 
the  condenser  at  the  power  plant  would  be  installed  whether 
the  particular  mill  was  steam  or  electric  driven.  Under 
these  conditions  of  comparison,  the  difference  in  cost  would 
be  in  favor  of  the  motor  rather  than  the  engine  drive. 

The  condensing  plant  for  the  engine  used  in  driving  a 
mill  would  not  be  as  large  as  the  one  at  the  central  power 
plant,  consequently  it  would  not  operate  as  efficiently,  due 
to  the  smaller  size  of  the  air  and  circulating  pumps.  In 
making  the  steam  distribution  charges  for  the  ajr  pump,  at 
least  twice  the  amount  of  power  would  have  to  be  charged 
to  the  isolated  condensing  plant  in  the  mill  as  would  be  re- 
quired in  the  case  of  the  electrical  driven  mill.  This  in- 
crease would  have  to  be  charged  to  the  engine  drive  and 
would  further  increase  the  b.t.u.  value  at  the  mill  shaft. 

As  even  better  heat  economy  can  be  obtained  from  the 
turbine  by  the  use  of  higher  pressures,  temperatures  and 
vacuums  that  I  have  used  in  making  my  comparison  and 
considering  the  points  the  author  has  failed  to  consider,  it 
is  evident  that  the  Unaflow  engine  neither  promises  nor 
threatens  to  eliminate  the  electric  motor  as  a  main  mill 
drive,  nor  compares  with  the  turbine  unit  in  the  power 
house  of  a  modem  steel  plant.  Not  only  is  there  available 
about  3,500  to  4,000  b.t.u.  per  h.p-hr.  by  use  of  electric 
drive  on  the  main  rolls,  but  the  constant  torque  which  this 
drive  gives,  together  with  its  ease  of  control,  freedom  from 
attendance  and  repairs,  makes  it  altogether  the  drive  to  be 
desired  for  this  duty. 

J.  H.  Wilson:  A  large  part  of  our  talk  this  morning 
has  been  composed  of  a  comparison  between  the  Unaflow 
engine  and  other  engines  for  steel  mill  drive.  The  last  dis- 
cussion brought  the  electrical  installation  for  consideration. 

Ease  of  control  has  forced  the  substitution  of  motor 
drive  for  engine  drive  on  steel  mills. 

The  efficiency  of  boiler  house  and  steam  power  units  is 
directly  related  to  the  uniformity  of  steam  requirements. 
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base  our  arguments  on  the  condition  of  one  mill  alone,  but 
on  the  conditions  of  the  whole  plant,  as  much  of  the  advant- 
age of  motor  drive  is  included  in  ease  of  power  transmission, 
elimination  of  losses  when  mills  are  down,  questions  of  con- 
trol, and  in  the  final  analysis,  the  amount  of  coal  burned. 

By  the  proper  use  of  fly-wheels  with  electrical  control 
on  motors,  sheet  mills,  jobbing  mills,  and  merchant  mills, 
motor  generator  fly-wheel  sets  in  blooming  mills,  the  electric 
load  can  be  made  a  very  steady  demand  on  the  turbines  in 
the  electrical  power  station,  which  in  turn  must  use  efficiency 
in  the  operation  of  each  turbine  unit,  and  high  efficiency  in 
the  operation  of  the  boiler  house  and  other  steam  producing 
equipment. 

In  considering  steam  distribution,  the  losses  due  to  con- 
densation and  leaks,  conditions  even  where  mills  are  shut 
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down  over  week-ends,  these  losses  amount  to  a  great  deal 
of  money  in  the  long  run.  With  electric  distribution,  losses 
vary  with  the  power  used,  and  when  the  power  is  cut  off,  the 
losses  stop. 

I  was  much  interested  in  the  discussion  of  the  installa- 
tion of  a  Unaflow  engine  with  a  capacity  of  1400  h.p.  The 
efficiancy  of  this  enQ:ine  at  low  load  was  irregular  and  as 
Prof.  Trinks  has  found,  there  is  undoubtedly  very  many 
places  where  the  Unaflow  engine  can  be  applied  with  advan- 
tage to  rolling  mill  work. 

T.  E.  Tynes:  I  would  like  a  little  information  on  what 
is  a  fair  percentage  of  transmission  losses  in  the  steam  line 
of  a  given  capacity,  say  a  steam  line  supplying  1,000  h.p. 
What  is  a  fair  percentage  of  radiation  losses,  condensation 
losses,  per  hundred  feet  of  line  ?  Every  person  I  have  talk- 
ed to  has  a  sort  of  hazy  idea  on  that  subject,  there  is  noth- 
ing definite.  If  any  member  of  the  Association  has  any 
figures  along  that  line,  I  would  like  to  get  an  idea  of  what 
they  are. 

W.  Trinks:  The  heat  loss  which  is  caused  by  steam 
lines,  varies  with  the  nature  and  thickness  of  the  covering 
and  with  the  extent  of  the  covering.  If  valves  and  flanges 
are  left  bare,  the  heat  loss  is  much  greater  than  if  these 
parts  are  covered.  For  well-covered  lines,  the  relative  heat 
loss  may  be  found  in  the  following  manner,  which  covers 
average  conditions: 
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tically  stagnant,  whereas  in  the  duoflow  engine  steam  flows 
along  the  steam  jacketed  surfaces,  wipes  off  the  heat  and 
carries  it  into  the  exhaust.  For  that  reason  steam  jacket- 
ing of  duoflow  engines  has  been  abandoned  except  in  cases 
where  the  heat  imparted  to  the  exhaust  steam  still  does 
good  work  in  the  next  cylinder. 

Mr.  Breslove  contrasted  the  Corliss  engine  and  unaflow 
engine.  I  think  that  that  is  based  on  wrong  reasoning. 
What  we  should  do  is  to  contrast  the  unaflow  engine  and 
the  duoflow  engine.  The  Corliss  engine  is  but  one  of  many 
duoflow  engines  and  it  is  one  which  is  rapidly  disappearing 
from  the  field  of  power  generation.  The  appearance  of  the 
steam  turbine  has  raised  steam  pressures  and  steam  temper- 
atures, which  fact  has  made  the  use  of  Corliss  valves  highly 
undesirable  except  on  low  pressure  cylinders.  Corliss  valves 
distort  under  high  temperatures  and  groan  considerably. 
They  can  be  quieted  down  by  excessive  use  of  oil,  and  it 
has  been  stated  that  Corliss  engines  are  successful  on  high 
superheat  if  you  have  an  oil  refinery  right  alongside  of  them. 
Consequently,  Corliss  valves  should  not  be  used  in  modem 
power  plants  in  high  pressure  cylinders,  no  matter  whether 
the  engines  are  of  the  unaflow  or  duoflow  type,  but  the  val- 
ves should  be  of  the  poppet  or  piston  type. 

When  it  comes  to  the  largest  size  of  cylinder  which  can 
be  used  on  unaflow  engines,  then  I  can  state  that  there 
should  be  no  trouble  even  with  the  largest  diameters,  pro- 
vided that  you  utilize  the  experience  of  European  builders. 
The  sad  experience  which  we  have  had  with  several  unaflow 
engines  in  this  country  originated  very  probably  from  the 
fact  that  our  engine  builders  preferred  getting  their  own 
experience  to  paying  for  someone  else's  experience.  In 
Germany  there  are  unaflow  engines  in  successful  operation 
developing  as  much  as  6,000  h.p.  in  one  cylinder.  The  build- 
ers of  this  large  engine,  whose  plant  I  visited,  stated  posit- 
ively that  they  had  no  trouble  whatsoever  in  cylinders  of  70" 
or  more  diameter,  although  fairly  high  steam  pressure  and 
superheat  are  used.  There  is  no  reason  to  assume  the  Ger- 
man pig  iron  is  any  better  than  ours  and  the  logical  conclus- 
ion is  that  we  can  develop  just  as  much  power  in  one  cylinder 
as  our  friends  across  the  Atlantic  do,  provided  that  there 
is  a  demand  for  such  an  engine. 
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are  based  on  this  adiabatic  heat  drop.  The  ^eat  difference 
between  non-condensing  and  condensing  Rankine  cycle  effi- 
ciencies given  in  the  paper  is  principally  due  to  free  expan- 
sion loss.  In  non-condensing  work  or  on  small  vacuum  the 
unaflow  engine  expands  very  close  to  the  back  pressure  line 
so  that  free  expansion  loss  is  either  wholly  absent  or  is  very 
small.  The  higher  the  vacuum,  that  is  to  say  the  lower  the 
back  pressure,  the  greater  the  free  expansion  loss  must  be 
and  the  lower  becomes  the  Rankine  cycle  efficiency  of  the 
unaflow  engine. 

Mr.  Egan  compares  the  steam  consumption  of  the  tur- 
bine to  that  of  the  unaflow  engine  referred  to  in  Fig.  3.  This 
is  not  altogether  fair,  because  the  engine  in  question  is 
only  of  300  h.p.  capacity  and  it  will  hardly  do  to  compare 
so  small  an  engine  to  a  very  large  turbine.  Unaflow  engines 
of  larger  capacity  work  with  considerably  better  efficiency 
than  the  mite  of  an  engine  cited  here.  Unfortunately  we 
have  as  yet  no  very  large  unaflow  engines  in  this  country 
and  it  became  necessary  to  give  the  steam  consumption  of 
the  smaller  engines  which  we  have. 

Mr.  Wilson  made  reference  to  uniform  boiler  conditions 
and  states  that  motor  drive  makes  it  possible  to  have  uni- 
form boiler  house  conditions.  Uniform  boiler  house  condi- 
tions may  be  very  desirable  in  connection  with  steam  turbine 
drive,  but  it  has  never  entered  my  head  why  a  constant 
steam  pressure  should  be  striven  for  in  steel  works  practice. 
Boilers  are  equipped  with  damper  regulators  and  stoker  reg- 
ulators for  the  purpose  of  maintaining  a  constant  boiler 
pressure.  In  my  opinion,  such  apparatus  is  sup2rfluous  in  a 
steel  plant  boiler  house.  Why  do  we  not  buy  boilers  strong 
enough  to  stand  250  pounds  per  square  inch  pressure  and 
then  run  them  at  an  average  pressure  of  approximately  175 
pounds  per  square  inch?  If  we  allow  the  pressure  to  run 
up  and  down  with  the  demand  for  steam,  then  we  obtain 
quite  an  advantage.  If  several  engines  are  shut  down  wait- 
ing for  steel,  let  the  pressure  rise.  When  the  engines  are 
started  up  again,  taking  lots  of  steam,  let  the  stored-up 
pressure  be  used  for  developing  more  steam.  On  the  other 
hand,  the  maintaining  of  uniform  pressure  means  that  stop- 
ping of  the  engine  necessitates  closing  of  dampers  and  slow- 
ing down  of  the  stokers;  then  when  the  engines  take  up 
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dynamics,  reference  has  been  made  to  the  possibility  of 
operating:  the  unaflow  engine  at  reduced  speed  without  seri- 
ous reduction  in  efficiency.  A  few  years  ago  this  character- 
istic might  have  had  great  weight  in  determining  a  choice 
between  engine  and  motor  drive.  The  problem  of  an  effi- 
cient adjustable  speed  control  for  alternating  current  in- 
duction motors  has,  however,  been  successfully  solved  and 
for  Prof.  Trink's  information  I  would  state  that  within  the 
past  three  years,  we  have  built  and  have  on  order,  an  ag- 
gregate of  50,000  h.p.  of  normal-rated  motors,  for  which  we 
have  provided  adjustable  speed  control.  I  should  be  very 
glad  to  discuss  further  details  of  this  system  of  speed  con- 
trol with  any  interested  party. 

G.  E.  Stoltz:  There  is  one  question  I  would  like  to  ask. 
My  experience  with  steam  engines  has  been  in  testing  old 
engines  that  have  been  in  service  for  some  time,  and  the 
values  of  economy  we  get  in  those  cases  are  widely  differ- 
ent from  the  ones  given  in  this  paper  when  the  usual  guar- 
antees are  made.  I  was  wondering  how  long  we  can  expect 
these  test  guarantees  to  hold  good  after  the  engine  has  been 
in  service ;  after  it  is  in  service,  its  horsepower  does  not  suf- 
fer but  its  economy  usually  does. 

In  discussing  the  economy  of  the  turbine  with  the  en- 
gine, we  are  only  discussing  a  small  portion  of  the  proposi- 
tion. The  question  comes  up  as  to  whether  a  mill  should 
be  electric  or  engine  driven,  and  to  answer  that  question  we 
have  to  consider  everything  back  to  the  coal  pile  in  every 
case,  and  not  discuss  the  particular  economy  of  the  engine. 

W.  Trinks:  In  answer  to  Mr.  Egan's  discussion  I  wish 
to  say  that  I  would  never  install  a  800  h.p.  engine  in  a  mill. 
I  think  that  there  is  a  lower  limit  for  these  engines  and  I 
should  place  it  off-hand,  without  much  thinking,  at  about 
750  to  1000  h.p. 

Coming  back  to  Mr.  Wilson's  remarks,  he  either  mis- 
understood me  or  I  misunderstood  him.  I  did  not  propose 
to  maintain  a  uniform  pressure  in  the  boiler  house,  but  I 
propose  to  maintain  constant  rate  of  heat  transmission 
through  the  boiler  shell.  If  that  rate  is  kept  constant  and 
no  steam  is  taken  out,  temperature  and  pressure  will  rise. 
My  proposition  is  to  let  this  pressure  rise  occur  and  to  use 
the  excess  pressure  as  soon  as  there  exists  a  demand  for  it. 
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inlet  valves  are  usually  of  the  poppet  valve  type.  As  soon 
as  they  begin  to  leak,  the  compression,  or  the  apparent  com* 
pression,  rises  by  leaps  and  bounds.  Any  steam  which  leaks 
into  the  cylinder  during  the  early  part  of  compression  builds 
up  the  compression  so  rapidly  that  it  rises  away  above  the 
steam  inlet  pressure.  The  steam  inlet  valves  are  on  pur- 
pose made  sufficiently  unbalanced  to  rise  under  this  pres- 
sure, and  in  consequence  the  valves  begin  to  clatter  and  be 
noisy  to  such  an  extent  that  the  engineer  is  warned  in  time 
to  regrind  the  valves.  In  duoflow  engines  no  such  warning 
is  given,  because  steam  leaking  through  the  inlet  valve  can 
pass  directly  into  the  open  exhaust. 

J.  H.  Wilson:  In  reply  to  Prof.  Trinks'  last  statement 
I  desire  to  make  my  remarks  clear. 

We  will  consider  a  blooming  mill  which  is  engine-driven. 
The  mill  shuts  down  due  to  lack  of  steel  or  due  to  some  other 
cause.  Later,  the  mill  is  ready  to  start.  If  this  mill  is  en- 
gine-driven the  maximum  demand  upon  it  will  be  10,000  or 
15,000  h.p.  If  the  mill  is  motor  driven,  even  though  the 
maximum  demand  would  be  10,000  or  15,000  h.p.,  the  power 
which  would  have  to  be  put  into  the  fly-wheel  motor  genera- 
tor set  would  only  be  2000  or  3000  h.p.,  resulting  in  a  much 
smaller  increase  in  steam  load. 

Of  course  the  fly-wheel  energy  does  not  hold  over  from 
one  hour  to  another,  but  the  operating  characteristics  are 
such  as  to  require  a  fluctuating  amount  of  steam  in  the  case 
of  engine  drive,  and  in  the  case  of  motor  or  fly-wheel  prop- 
erly designed  and  controlled  it  would  require  a  uniform  sup- 
ply of  steam. 

W.  Trinks:  Answering  Mr.  Wilson,  I  wish  to  confine 
myself  to  a  discussion  of  the  unaflow  engine.  I  did  not  an- 
ticipate that  the  discussion  would  take  up  the  question 
whether  engines  should  be  used  in  a  mill  at  all,  or  whether 
they  should  be  replaced  by  electric  motors.  Unaflow  engines 
have  not  yet  been  built  of  the  reversing  type.  The  ques- 
tion of  whether  reversing  engines  or  reversing  motors 
should  be  used  is  one  which  is  of  great  interest  to  me,  but 
which  I  prefer  not  to  discuss  at  the  present  meeting. 
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UNDERGROUND  DISTRIBUTION  SYSTEMS 


By  G.  J.  NEWTON 


The  following  facts  and  suggestions  are  based  on  many 
years  experience  with  undreground  distribution  systems, 
and  are  stated  in  the  following  article  with  the  intention  of 
showing  the  importance  of  careful  and  intelligent  design  as 
related,  not  only  to  the  first  cost,  but  to  the  economical  oper- 
ation and  ultimate  value  of  the  completed  system. 

An  inspection  of  many  systems  has  made  it  evident  to 
the  writer  that  improper  design  is  responsible  for  more 
faults  than  is  poor  construction,  and  it  is  with  a  sincere  de- 
sire to  aid  others  interested  in  this  work,  to  avoid  such  mis- 
takes in  the  future,  that  these  suggestions  are  offered. 

No  two  systems  are  entirely  alike,  and  the  conditions 
are  different  in  every  place;  it  is,  therefore,  impossible  to 
formulate  any  definite  rules  that  will  apply  under  all  condi- 
tions. The  engineer  must  be  guided  by  good  judgment,  bas- 
ed on  experience,  and  a  thorough  study  of  the  conditions  in 
order  to  secure  satisfactory  results. 

Owing  to  the  increasing  demand  for  electrical  energy, 
and  the  serious  objection  to  the  unsightly  and  dangerous 
overhead  wires  and  poles,  underground  systems  of  distribu- 
tion have  become  a  necessity  in  many  places  where  the  ex- 
pense of  this  class  of  service  would  not  have  been  consider- 
ed warranted  under  former  conditions. 

Underground  distribution  is  very  expensive,  as  compar- 
ed with  overhead  construction,  and  in  many  cases,  partic- 
ularly in  the  smaller  cities,  the  first  cost  is  of  vital  import- 
ance; a  carefully  worked  out  design  is  therefore  necessary 
in  order  to  derive  the  greatest  benefit  from  the  money  ex- 
pended. Many  of  the  present  systems  have  not  been  design- 
ed with  the  care,  and  attention  to  detail,  that  their  import- 
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Economy  of  distribution  is  equally  as  important  as  ec- 
onomy in  production,  particularly  at  the  present  time,  when 
practically  all  public  utility  companies  are  regulated,  to  a 
greater  or  less  extent,  by  state  or  municipal  commissions. 
First  cost  is  not,  therefore  the  only  factor  that  should  be 
considered,  as  economical  operation  and  reliability  of  service 
are  equally  as  important  in  the  financial  success  and  growth 
of  the  business. 

Except  in  the  large  companies,  there  is  probably  no 
branch  of  the  business  that  has  been  given  less  thought  and 
study  than  underground  work;  in  many  cases  the  principal 
object  evidently  has  been  to  get  the  wires  out  of  sight  at 
the  least  possible  expense,  with  no  attempt  being  made  to 
improve  the  system  of  distribution  and  little  or  no  regard 
for  the  future  development  of  this  class  of  service. 

The  operation  of  an  underground  system  when  properly 
designed,  installed,  and  maintained  guarantees  the  most  re- 
liable and  efficient  service  of  any  method  of  distribution  ever 
employed ;  the  financial  benefit,  directly  due  to  this  class  of 
service  is  in  many  cases,  a  proof  of  the  wisdom  of  its  in- 
stallation« 

While  it  is  admitted  that  underground  systems  are  ex- 
pensive to  install,  still  it  must  be  remembered  that  a  con- 
duit system  is  a  permanent  structure,  has  little  or  no  de- 
preciation; on  the  contrary  it  will  increase  in  value  as  the 
importance  of  the  section  it  serves  is  developed.  Consider- 
ing the  first  cost,  permanent  nature  of  the  undertaking  and 
importance  of  economical  and  reliable  service,  it  is  advisable 
to  make  a  thorough  study  of  the  conditions  and  future  re- 
quirements of  the  service  on  which  to  base  a  design  of  the 
proposed  system. 

In  designing  an  underground  distribution  system  there 
is  one  important  fact  that  must  always  be  considered — the 
system  should  be  designed  to  serve  the  entire  district  that 
can  reasonably  be  expected  to  ever  require  this  class  of 
service.  Such  a  design  permits  of  a  systematic  scheme  be- 
ing developed  for  the  whole  district,  uniform  methods  of  con- 
struction, and  standardization  of  equipment. 

If  this  method  is  followed  it  is  then  possible  to  install 
any  section,  from  time  to  time  as  the  service  demands,  and 
each  completed  section  will  form  a  part  of  the  whole  general 
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ent  record  of  great  value  in  making  future  changes  and  bal- 
ancing the  load  on  the  distribution  system. 

The  men  securing  the  load  record  should  be  provided 
with  paper  pads  printed  the  same  as  the  cards  and  the  per- 
manent card  record  can  be  made  in  the  office  from  these 
slips  and  the  cards  be  kept  clean  and  neat. 

A  careful  inspection  should  be  made  of  each  building 
to  determine  the  most  suitable  location  for  the  new  under- 
ground lateral  in  order  to  reduce  the  cost  of  changing  the 
inside  wiring  as  much  as  possible.  Except  in  the  case  of 
very  heavy  loads  or  consumers  where  emergency  service 
must  be  provided  for,  it  is  advisable  to  supply  all  of  the  con- 
sumers in  a  building  from  one  lighting  and  one  power  lateral, 
this  reduces  the  number  of  laterals,  handholes,  and  fuse 
boxes  and  permits  using  the  least  amount  of  copper  by  tak- 
ing advantage  of  the  diversity  of  a  group  of  consumers. 

The  lighting  and  power  load  can  be  plotted  on  one  draw- 
ing as  shown  in  Fig.  2  or  the  loads  can  be  plotted  on  separate 
plans,  the  latter  method  is  best  as  the  plans  for  each  system 
can  then  be  kept  separate. 

The  load  maps  for  each  system  should  show  the  total 
load,  both  in  the  underground  district  and  outside  of  it,  that 
is  to  be  supplied  by  cables  in  the  conduit  system  from  the 
power  house  so  that  ample  conduit  space  can  be  provided  and 
the  most  suitable  routes  and  sizes  of  feeders  determined. 

Having  the  lighting  and  power  loads  and  a  map  showing 
the  street  light  system,  the  next  step  is  to  determine  the 
most  suitable  plan  of  distribution  to  be  adopted,  this  may  be 
caUed  the  critical  point  in  the  design  of  a  distribution  sys- 
tem, for  on  the  decision  depends  not  only  the  first  cost  of 
the  installation  but  the  reliable,  efficient  and  economical 
operation  of  the  distribution  system. 

There  are  two  general  schemes  of  distribution: 

1.  To  supply  the  whole  city  from  one  power  house. 

2.  Divide  the  city  into  districts  and  supply  each  from 
substations,  or  rather  from  the  power  house  and  substations. 

In  many  of  the  older  systems  the  first  method  was  used 
and  a  large  number  of  ducts  were  installed,  in  one  trench 
from  the  power  house,  to  serve  the  whole  city,  or  at  least 
that  portion  that  was  to  be  supplied  by  underground  eventu- 
ally.    This  necessitated  providing  a  large  number  of  spare 
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ducts,  a  large  percentage  of  which  remained  idle  for  years 
and  not  infrequently  resulted  in  too  many  ducts  in  some 
places  and  too  few  in  others. 

Not  only  was  the  first  cost  of  such  a  system  excessive 
but  the  manholes  were  almost  invariably  too  small  to  ac- 
commodate the  number  of  cables  that  could  have  been  in- 
stalled in  all  of  the  ducts  had  there  ever  been  use  for  them. 
The  most  serious  objection  to  this  plan  is  that  the  losses  due 
to  the  heating  of  so  many  cables  in  one  conduit  run  are  ex- 
cessive and  materially  reduced  the  carrying  capacity  of  the 
cables,  particularly  in  cables  occupying  the  inner  ducts. 

Another  serious  objection  to  this  method  is  that  a 
bum-out  on  one  cable  is  practically  certain  to  damage  ad- 
jacent cables  and  cause  interruption  of  service  over  a  con- 
siderable area.  Faults  on  underground  systems  usually  af- 
fect more  consumers  than  on  an  overhead  system  and  require 
more  time  to  repair,  therefore,  no  system  should  be  consid- 
ered that  does  not  permit  being  sectionalized  and  have  reas- 
onable emergency  facilities  provided  for  restoring  service 
with  the  least  possible  delay. 

The  objection  to  the  first  plan,  as  stated  above,  pre- 
clude its  adoption  except  in  very  small  cities  where  the  area 
to  be  served  by  underground  distribution  is  limited,  and  the 
total  number  of  ducts  installed  in  one  trench  will  not  be  ex- 
cessive. 

The  second  method  of  distribution,  when  properly  de- 
signed, avoids  all  of  the  objectionable  features  of  the  first 
method  and  is  particularly  adapted  to  the  modern  practice 
of  installing  sub-stations  supplied  by  high-tension  feeders, 
as  each  district  is  practically  operated  separate  from  the 
others  and  with  suitable  emergency  feeders  and  switching 
equipment  permits  each  district  to  assist  the  others  in  case 
of  necessity. 

The  old  saying  "That  you  should  not  put  all  of  your  eggs 
in  one  basket"  is  particularly  true  if  we  change  the  words 
slightly — "You  should  not  put  all  of  your  feeders  in  one 
trench  or  manhole"  and  the  distribution  engineer  will  be 
wise  to  keep  this  warning  in  mind  as  far  as  the  require- 
ments of  the  case  will  permit. 

Reliable  service  and  economical  distribution  are  abso- 
lutely necessary  for  the  financial  success  of  every  light  and 
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The  location  of  the  street  lights  is  determined  by  the 
city  authorities  and  can  seldom  be  altered  enough  to  ma- 
terially change  the  conduit  arrangement,  therefore,  by  de- 
signing this  system  first  it  will  give  a  general  idea  of  where 
the  conduit  must  be  installed  and  keeping  this  plan  in  mind 
it  is  frequently  possible  to  arrange  the  secondary  mains  so 
as  to  utilize  the  same  routes  (particularly  in  alleys  and  the 
less  important  streets)  so  as  to  avoid  considerable  conduit 
construction. 

The  proposed  location  of  the  laterals  in  each  building 
should  be  shown  on  the  plan  for  the  secondary  systems  for 
light  and  power.  A  study  of  these  locations  together  with 
the  street  light  conduit  layout  will  often  show  where  slight 
changes  in  one  or  the  other  will  permit  considerable  saving, 
even  when  changing  some  laterals  will  increase  the  cost  of 
the  inside  wiring. 

Owing  to  the  fact  that  the  grouping  of  consumers,  in  a 
district,  will  usually  be  different  on  an  underground  system 
than  it  was  on  the  original  overhead  system  it  is  practically 
impossible  accurately  to  determine  what  the  demand  and 
diversity  factors  will  be  for  the  new  system.  A  distribution 
system  for  either  lighting  or  power  usually  consists  of  the 
following  sub-divisions : 

Primary  feeders  to  centers  of  distribution. 

Secondary  feeders  supplying  the  transformers. 

Secondary  mains  supplying  the  service  laterals. 

Service  laterals  supplying  the  consumers. 

In  small  systems  the  secondary  feeders  are  not  required, 
as  the  transformers  are  connected  directly  to  the  primary 
feeders. 

The  size  of  cables  to  use  for  the  laterals  is  easily  de- 
termined, the  principal  object  is  to  restrict  the  number  of 
sizes  of  cable  as  much  as  possible,  using  about  three  sizes 
for  the  whole  system,  and  if  possible,  making  the  largest 
^ize  used  for  laterals  the  same  as  one  of  the  sizes  used  for 
secondary  mains. 

Aside  from  the  laterals  it  is  evident  that  the  secondary 
mains  receive  less  benefit  from  the  diversity  factor  than 
any  other  part  of  the  system.  It  is  also  evident  that  any  in- 
crease in  the  load  will  directly  affect  the  mains  which  must 
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size  or  smaller  cities,  has  convinced  the  writer  that  the 
safest  guarantee  of  reliable,  efficient,  and  economical  oper- 
ation is  to  install  cable  and  equipment,  as  far  as  the  condi- 
tions will  permit,  under  the  following  general  rules : 

Service  Laterals.  Use  either  cambric  or  rubber  insul- 
ated cable,  spliced  directly  to  the  secondary  mains,  and  ter- 
minated in  water-tight  fuse  boxes  on  the  consumers  prop- 
erty. (The  number  of  laterals  taken  out  at  one  splice  will 
depend  on  the  system ;  for  single-conductor  cables  four  lat- 
erals can  be  taken  out,  but  two  is  about  the  limit  where 
three  conductor  mains  and  laterals  are  used.) 

Secondary  Mains.  Make  these  cables  of  ample  size  to 
provide  for  all  the  growth  that  can  reasonably  be  expected. 
Use  either  varnished  cambric  or  rubber  insulated  cable  for 
all  secondary  work  where  cables  terminate  in  subway  equip- 
ment. 

Primary  Feeders.  These  cables?  derive  the  most  benefit 
from  the  diversity  factor,  are  comparatively  long  lengths, 
and  have  few  taps  on  them,  therefore  are  less  subject  to 
damage  than  the  rest  of  the  cables  and  are  easily  replaced 
with  small  financial  loss.  Small  reserve  capacity  is  all  that 
need  be  provided  for  this  class  of  cables. 

Paper  insulated  cable  can  be  used  to  advantage  fre- 
quently at  considerable  saving  providing  that  th3  ends  are 
properly  terminated  in  compound-filled  potheads  or  varnish- 
ed cambric  or  rubber  insulated  tails  used  for  connecting  to 
the  equipment. 

Personally,  the  writer  does  not  approve  of  using  any 
paper  insulated  cable  on  distribution  systems,  except  on 
cases  where  the  emergency  f :^cilities  are  such  that  the  fail- 
ure of  a  feeder  cannot  cause  a  serious  int?rruption  to  the 
service. 

In  small  companies,  where  competent  cable  men  are  not 
always  available,  the  use  of  paper  insulated  cable  on  the  dis- 
tribution system  is  not  advisable,  it  is  however,  well  suited 
for  high-tension  feeders  and  tie-lines. 

Subway  Equipment.  Due  to  the  liability  of  being  sub- 
merged occasionally  and  the  limited  space  usually  available, 
for  its  installation,  subway  equipment  is  probably  the  most 
prolific  cause  of  trouble  on  underground  distribution  sys- 
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advisable  to  provide  ventilating  pipes  from  the  vault  to  a 
pole  or  side  of  a  nearby  building. 

Subway  junction  and  fuse  boxes  should  not  have  slate 
or  marble  bases,  but  use  ebonite  or  similar  material  that  will 
not  absorb  moisture.  All  boxes  should  be  subjected  to  an 
insulation  test  before  being  installed.  Barriers  should  be 
provided  between  terminals  of  opposite  polarity. 

The  iron  work  of  all  subway  equipment  should  be  per- 
manently grounded  to  a  reliable  ground  rod,  plate,  or  if  pos- 
sible, to  the  city  water  pipe  system.  In  large  vaults,  where 
there  is  considerable  equipment,  at  least  two  ground  connec- 
tions should  be  provided. 

Installing  Cable.  Assuming  that  all  cable  has  passed 
the  usual  factory  test,  it  is  seldom  necessary  to  subject  it  to 
another  test  before  being  installed  unless  there  is  some  evid- 
ence that  it  has  been  damaged  in  transit.  The  conditions 
under  which  the  cable  is  purchased  and  installed  will,  how- 
ever, generally  decide  this  point. 

Use  skids  in  loading  and  unloading  reels,  never  drop 
them  off  of  the  truck.  Place  reels  as  near  the  point  where 
they  are  to  be  used  as  possible.  When  reels  must  be  left  on 
the  street  for  some  time  they  should  be  securely  blocked  or 
preferably  wired  to  a  bolt  to  prevent  their  being  rolled  about. 
Care  should  be  taken  not  to  place  reels  where  they  will  in- 
terfere with  hydrants,  or  obstruct  manholes,  water  gates  or 
traffic. 

Never  handle  paper  insulated  cable  when  it  is  cold.  In 
cold  weather  is  should  be  kept  in  a  warm  place  until  it  is  to 
be  installed.  Paper  cable  should  not  be  bent  shorter  than 
eight  times  its  diameter  and  should  be  warmed  before  bend- 
ing. 

Always  provide  sufficient  men  and  power  to  safely  hand- 
le cable  during  installation,  when  the  cable  is  started  in  the 
conduit  try  to  maintain  an  even  steady  rate  of  pulling.  For 
heavy  cable  it  is  advisable  to  use  grease  or  powdered  soap- 
stone. 

Ends  of  cables  should  be  kept  sealed  until  ready  to  be 
spliced.  Cables  should  not  be  left  hanging  from  the  duct 
mouth,  but  should  be  supported  on  hangers  with  as  little 
bending  as  possible.     The  final  bending  and  training  of  the 
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which  to  locate  the  conduit,  and  then  attempt  to  fit  the 
electrical  distribution  to  this  location,  and  the  result  is  in- 
variably unsatisfactory  and  the  saving  in  the  cost  in  repay- 
ing is  frequently  exceeded  by  the  additional  cost  of  cables, 
and  the  total  cost  of  the  system  thus  increased. 

It  should  be  realized  that  a  properly  designed  and  con* 
structed  conduit  system  is  a  valuable  property,  and  a  per- 
manent structure  having  little  or  no  depreciation,  and  its 
importance  in  the  supply  of  electrical  energy  warrants  the 
greatest  care  being  taken  in  its  design  and  construction. 

Conduit  systems  that  are  to  serve  high-tension  or  tie- 
lines  between  substations  can  be  located  so  as  to  avoid  the 
more  expensive  pavements,  but  conduit  used  exclusively  for 
distribution  systems  should  be  located  so  as  to  best  serve 
the  electrical  requirements  regardless  of  the  kind  of  pave- 
ment on  the  streets  or  alleys. 

In  a  conduit  system  used  exclusively  for  distribution 
(where  all  wires  must  be  placed  underground)  the  best  lo- 
cation is  usually  in  the  streets.  In  cities  having  an  alley 
in  each  block  there  is  strong  tendency  to  locate  the  conduit 
in  the  alley. 

The  desire  to  utilize  the  alleys  is  based  on  the  fact  that 
the  pavement  is  usually  less  expensive,  and  as  the  majoritv 
of  pole  lines  are  in  the  alleys  the  buildings  are  supplied  from 
the  rear,  therefore  if  the  conduit  is  located  in  the  alley  there 
will  be  less  expense  of  changing  the  inside  wiring  to  meet 
the  new  distribution  system.  At  first  sight  these  advant- 
ages appear  so  great  as  to  warrant  the  selection  of  the  alley : 
there  are,  however,  serious  disadvantages  to  this  location. 

The  alleys  are  usually  from  16  to  20  feet  wide  and  are 
generally  fairly  well  occupied  by  water,  gas  and  sewer  facili- 
ties, and  not  infrequently,  by  one  or  two  telephone  conduit 
systems  (which  are  usually  installed  before  the  electric  light 
wires  are  placed  underground)  and  the  space  available  is. 
therefore,  very  limited. 

The  rear  building  line  is  very  irregular,  many  buildings 
do  not  extend  back  to  the  alley,  and  frequently  there  are 
small  sheds  or  extensions  in  the  rear  of  the  main  buildingR. 
The  length  or  rear  laterals  would  be  greater  than  front  ones 
and  the  difficulties  and  cost  of  installation  considerably 
more ;  the  greatest  objection  is  that  the  rear  lateraVa  'wovM 
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for  the  new  system.  While  it  is  known  that  the  records  of 
sub-surface  conditions  are  seldom  accurate  still  a  study  of 
these  records  and  the  location  of  water  ^ates,  sewer  man- 
holes and  other  surface  indications  will  permit  a  fairly  ac- 
curate map  may  be  prepared. 

Where  there  is  any  doubt  regarding  space  being  avail- 
able for  the  conduit  and  manholes  it  is  advisable  to  dig  test 
holes,  and  if  possible  they  should  be  dug  at  the  points  where 
it  is  proi)osed  to  locate  manholes. 

The  design  of  an  underground  distribution  system  is 
not  a  difficult  matter  if  handled  in  a  systematic  manner  and 
the  result  obtained  from  a  thorough  study  of  the  conditions 
will  fully  warrant  the  engineering  expense  necessary  to  pre- 
pare accurate  plans  covering  every  detail  of  the  work. 


DISCUSSION 


T.  E.  Tynes:  This  most  excellent  paper,  prepared  by 
Mr.  Newton,  and  so  very  ably  presented  by  Mr.  Gear,  covers 
the  question  of  underground  distribution  of  energy  in  a  very 
broad  way.  Mr.  Newton  has  given  a  great  deal  of  time  and 
thought  to  this  question  of  underground  distribution,  and 
while  the  paper  applies  particularly  to  the  distribution  of 
energy  in  cities  and  congested  districts,  such  as  we  have 
here  in  Chicago  and  in  other  large  cities,  the  principles  in- 
volved are  applicable  to  any  underground  system  which  we 
may  have  occasion  to  use  in  steel  mills,  such  as  the  construc- 
tion of  conduits,  the  making  of  joints,  the  position  of  switch- 
es, etc.,  and  I  hope  we  may  have  a  very  free  discussion  of 
this  subject  this  morning. 

Alfred  F.  Hovey:  A  great  deal  of  time  might  well  be 
given  to  the  discussion  of  this  paper  as  regards  the  detailed 
construction  of  the  conduits  and  cables.  There  is  one  point 
which  involves  a  rather  dangerous  point;  the  author  states: 
"Where  triplex  conductor  cables  are  used  on  three-phase 
circuits,  they  should  be  distinguished  by  different  colors 
as  this  will  prevent  mistakes  in  making  changes  as 
only  conductors  of  like  colors  should  be  connected  toxe\)cv- 
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er/'  I  have  personally  encountered  a  good  deal  of  difficulty 
from  just  that  kind  of  a  specification.  It  is  almost  next 
to  impossible  to  make  joints  that  will  be  serviceable  for  a 
long  term  of  years,  such  as  good  joints  do,  and  at  the  same 
time  secure  the  matching  of  colors.  The  time  has  come 
when  we  are  using  large  conductors  in  sector  form,  and 
under  those .  circumstances  it  is  still  more  difficult  to  match 
these  colors.  Very  often  it  requires  one  of  the  conductors 
to  be  drawn  through  and  between  the  other  two  conductors 
in  order  to  match  the  same  color,  and  there  is  no  safe  way 
of  identifying  the  conductor  and  be  sure  you  are  right,  ex- 
cept by  making  a  test  one  way  or  another,  without  possible 
damage  to  the  insulation.  Jointers  find  they  cannot  make 
as  good  a  joint  where  they  attempt  to  match  the  colors. 
The  cable  has  to  be  manufactured  in  a  certain  way,  so  that 
the  lay  is  all  one  way,  and  the  cable  has  to  be  pulled  in,  in 
a  certain  direction,  and  sometimes  it  is  impossible  to  feed 
the  cable  into  one  of  the  manholes,  but  can  be  puDed  by 
means  of  a  series  of  blocks  and  tackles,  but  if  the  cable  is 
not  drawn  in  exactly  right,  it  is  extremely  difficult  to 
straighten  out  the  lay  of  the  conductors  at  the  joint,  so  to 
match  the  conductors  although  it  sometimes  happens;  but 
then  it  is  a  matter  of  chance.  That  is  one  point  which  I  think 
it  might  be  well  for  engineers  to  avoid  in  making  up  specifi- 
cations to  secure  a  perfectly  satisfactory  operating  system. 
Another  (>oint  where  the  writer  of  the  paper  says: 
"Personally,  the  writer  does  not  appro\"e  of  using  any  paper- 
insulatod  cable  on  the  distribution  systems,  except  in  cases 
whore  the  emergency  facilities  are  such  that  the  failure  of 
a  feeiler  cannot  cause  a  serious  interruption  to  the  service." 
Several  nianagers  of  works  with  which  I  am  concerned  at 
the  pn^sont  time,  are  installing  paper-insulated  cables  both 
for  economy  and  for  good  operation.  A  paper-insulated 
caMo  rt\iuirt\^  slijrhilv  more  careful  installation,  but  if  prop- 
erly handled.  I  In^Ueve  in  many  case<  that  it  will  make  as 
>rtHHi  ii\sulatiot\  as  either  the  rubber  or  varnished  cloth  in- 
ssulatix^n.  It  has  Kvn  n\y  ox^vrience  that  recently  the  ma- 
jority of  on>;intvrs  s^nvify  v^\^vr  cable.  There  is  no  par- 
ticular «\^asv^t\  for  bringing  up  that  ^vtnt^  as  nearly  all  cable 
ma!\ufacturt»rs  are  juvpanxi  to  furnish  either  rubber  or  var- 
nUh<\t  cloth  i\r  i>i\vvr  insviUxxoti  ox\  xYv^\i  c^\fi&. 


DISCUSSION:    UNDERGROUND  DISTRIBUTION  189 

Just  want  to  add  a  word  of  commendation  to  Mr.  New- 
ton, who  has  had  considerable  experience  along  this  line  for 
years.  We  have  known  him,  particularly  in  conduit-work, 
and  in  cable-work  for  years,  and  I  beheve  that  this  paper 
wiU  be  of  great  assistance  to  engineers  in  laying  out  either 
a  large  or  small  system,  because  it  gives  the  basis  in  founda- 
tion of  fact  for  a  specification  that  would  provide  a  satisfac- 
tory operating  system. 

Not  having  read  this  paper  carefully  enough  to  know 
whether  any  mention  is  made  of  a  scheme  used  considerably 
nowadays,  that  is  to  run  the  trunk  ducts  underneath  the 
service  boxes,  would  state  that  this  is  an  important  feature 
in  designing  space  for  trunk  feeders  and  secondary  mains  by 
building  a  handhole  over  the  top  of  the  lower  trunk  conduits 
and  taking  in  only  the  top  ducts,  using  them  for  distribut- 
ing mains  and  secondary  feeders.  That  is  a  point  on  a  small 
system  that  is  particularly  important,  as  it  cuts  down  the 
original  cost  of  the  conduit  system  materially.  In  that  way, 
the  small  conductors  can  be  exposed  through  these  hand- 
holes  for  taps  and  the  handholes  can  be  constructed  at  very 
small  cost  and  at  large  insurance  over  the  other  scheme  of 
opening  all  the  ducts  into  all  the  man-holes. 

There  is  one  man-hole  that  has  cost,  as  I  was  informed 
last  week,  about  $10,000,  because  the  engineers  originally 
did  not  make  the  man-hole  large  enough.  The  man-hole  has 
been  rebuilt  eleven  times,  with  the  consequent  cutting  of 
cables  and  re-racking  them  around  this  constantly  enlarged 
man-hole.  One  of  the  operating  engineers  told  me  not  long 
ago  that  his  company  was  expending  over  $150,000  a  year 
rebuilding  man-holes.  That  is  a  point  that  the  engineer, 
in  laying  out  an  underground  distribution,  might  well  keep 
in  mind,  because  it  is  well  known  that  the  cheapest  real  es- 
tate is  that  which  you  enclose  by  a  man-hole  wall  under  the 
street.  By  making  a  large,  generous  man-hole,  you  have 
plenty  of  racking  space  for  the  cables  on  the  sides,  with 
sufficient  room  on  the  side- walls  for  proper  racking  and  prop- 
er bending,  and  the  original  installation  will  take  care  of  the 
operation  in  the  future  much  better  than  having  to  rebuild 
the  man-hole  at  considerable  extra  cost. 

F.  D.  Egan:  My  experience  with  underground  conduit 
work  has  been  entirely  in  the  steel  plant,  and  I  could  not 
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discuss  Mr.  Newton's  paper  from  the  standpoint  of  city  con- 
struction. We  have  installed  approximately  125,000  feet  of 
underground  conduits  in  our  steel  mill,  and  as  far  as  the 
matter  of  trouble  goes,  I  find  that  the  underground  system 
is  more  reliable  and  more  dependable  than  the  overhead  sys- 
tem. 

Another  point  that  Mr.  Newton  brought  up  regards 
the  high  cost  of  underground  versus  overhead.  While  that 
might  apply  in  city  construction,  if  compared  to  the  type  of 
construction  to  be  used  in  a  steel  mill,  the  cost  is  in  favor 
of  the  underground.  When  we  distribute  power  at  6600 
volts,  or  higher,  for  safety  reasons  we  would  construct  dup- 
hcate  power  hnes  and  the  cost  of  this  would  be  higher  us- 
ing bare  copper  pole  lines  than  it  would  be  with  underground 
system  and  lead-covered  cambric  cable. 

That  is  the  experience  we  met  with  in  our  constructior. 
We  have  been  operating  on  this  system  in  some  of  our  plants 
for  from  three  to  four  years,  and  so  far  we  have  experienc- 
ed no  trouble  from  an  electrical  standpoint.  We  lost  two 
cables  adjacent  to  the  power  house,  which  ran  parallel  with 
the  old  buildings,  and  the  trouble  there  arose  from  the  dis- 
charge of  steam  traps;  this  heat  entered  the  conduit  sys- 
tem, raised  the  temperature  and  the  additional  electrical 
load  caused  a  breakdown.  After  we  removed  the  steam  trap 
discharge,  we  exeprienced  no  more  trouble. 

Another  advantage  of  the  underground  system  is  the 
point  of  safety.  We  have  there  the  point  of  totally  enclos- 
ing the  electrical  distribution  line,  and  the  one  point  which 
would  come  up  there,  regarding  safety,  would  be  care  in  de- 
termining the  proper  line  to  work  on  in  case  of  opening  up 
of  the  cable. 

S.  C.  Coey:  Mr.  Newton  has  given  us  a  very  interest- 
ing description  of  the  methods  used  in  laying  out  an  under- 
ground cable  system  for  a  city  and  has  pointed  out  many 
of  the  valuable  features  of  such  an  installation.  While 
many  of  the  fundamental  principles  are  the  same,  when  we 
apply  this  data  to  an  industrial  plant  system  and  especially 
a  steel  plant  installation  in  which  most  of  our  members  are 
most  interested,  we  have  a  special  application  which  calls 
for  special  treatment. 
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Installations  in  steel  plants  are  more  analogous  to  sub- 
way equipment  than  to  any  other  type  considered  in  the 
paper.  The  liability  of  having  underground  ducts  filled  with 
water  is  always  present  in  those  steel  plants  built  on  the 
banks  of  rivers  having  a  large  rise  during  flood  periods. 
This  applies  to  most  of  the  plants  in  the  Pittsburgh  and 
Youngstown  districts.  Where  plants  are  installed  under 
these  conditions  it  is  usual  to  make  the  yard  level  only  a  few 
feet  above  the  maximum  high  water.  This  is  done  from 
practical  considerations  as  every  increased  foot  that  the 
plant  is  above  normal  water  level  means  that  many  more 
foot  pounds  of  energy  expended  in  pumping  the  large 
amount  of  water  necessary  in  the  modern  steel  plant.  This 
condition  makes  it  necessary  to  lay  out  a  duct  system  with 
the  idea  in  mind  that  the  cables  are  subject  to  the  liability 
of  being  under  water  at  some  time.  In  plants  of  this  des- 
cription the  use  of  underground  transmission  even  with  var- 
nished cambric  lead  covered  cables  is  subject  to  possibilities 
of  trouble  that  are  serious  and  makes  the  advisability  of  in- 
stalling it  very  questionable. 

In  transmitting  alternating  current  in  lead  covered 
cables  it  is  advisable  to  confine  all  three  phases  within  one 
lead  sheath.  When  single  conductor  lead  covered  wires  are 
used  for  this  work  there  is  considerable  loss  and  possibility 
of  trouble  from  sheath  currents.  If  the  sheaths  are  bonded 
the  PR  loss  from  the  sheath  currents  amounts  to  about  half 
the  normal  1-R  loss  in  the  copper  conductors  so  that  this 
method  of  operating  in  inherently  inefficient.  As  it  is  usu- 
ally impractical  to  insulate  all  the  cables  from  one  another 
and  impossible  where  flood  conditions  are  to  be  met  the 
three  conductor  cables  should  be  used.  In  this  case  we 
have  all  the  heating  effect  confined  within  one  sheath  and 
cable  ducts  must  be  carefully  watched  to  see  that  there  are 
not  points  where  they  get  excess  heating  from  external 
points. 

I  have  also  pointed  out  in  a  previous  paper  before  this 
Association  (Annual  Meeting  '14)  that  where  grouped  ducts 
are  used,  the  heating  effect  from  a  center  duct  to  adjacent 
outside  ducts  with  only  radiation  to  take  care  of  heat  dis- 
sipation is  cumulative,  as  shown  by  the  result  of  tests,  and 
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for  this  reason  ducts  should  not  be  made  more  than  two 
ducts  wide. 

In  underground  ducts  around  steel  mills  as  I  have  not- 
ed before  it  is  often  found  that  the  ducts  are  heated  from 
8ome  external  source.  This  is  usually  when  the  duct  pass- 
es close  to  heating  furnaces  of  some  kind,  which  are  im- 
possible to  get  away  from  entirely  in  this  class  of  work. 
This  type  of  service  calls  for  special  study  in  each  case. 
In  some  cases  forced  draught  through  the  ducts  have  been 
used  with  good  results.  I  have  found  for  this  work  that 
varnished  cambric  insulation  is  the  only  type  that  can  be  re- 
lied upon  as  the  heat  affects  rubber  very  rapidly. 

Vvliile  an  underground  system  is  usually  spoken  of  as 
the  most  permanent  system,  and  is,  in  the  ducts  proper,  I 
would  raise  a  question  when  we  consider  the  wire  insulation, 
as  air  and  porcelain  are  nK)re  permanent  than  paper,  rub- 
ber or  varnished  cambric  and  these  are  the  materials  de- 
pended upon  in  the  two  systems  respectively  to  maintain  the 
insulation  of  the  circuit. 

The  principal  advantage  gained  by  the  underground 
system  is  the  freedom  from  liability  of  trouble  from:  light- 
ning, pole  failure,  and  obstructions  against  wires. 

In  steel  plants  the  locomotive  crane  problem  is  the  mo:?t 
serious  in  the  last  item. 

The  advantages  the   overhead   system   has  over  the 
undergn>und  system  are :  flexibility,  initial  cost,  wire  insula- . 
lion  and  speed  of  location  and  repair  of  trouble. 

As  1  SCO  it,  both  systems  as  used  today  have  their  draw- 
backs and  for  a  stool  plant  installation  I  believe  that  the 
ideal  system  of  transmission  would  be  to  have  an  o]>en  con- 
crolo  duct  with  reinforced  concrete  roof,  well  ventilated, 
witli  in^ulatiHl  cables  strung  on  porcelain  insulators  so  ar- 
ranged that  an  inspivtor  could  walk  through  the  duct.  This 
could  1h^  ontirolv  undorgn>und  where  the  high  water  nmrk 
allowod,  or  in  sonio  plants  could  be  above  ground  and  used 
for  a  lino  fonvv.  This  system  of  installation  would  give  the 
:\dvantn>ros  of  KMh  tho  present  systems  without  any  of  the 
d»sadv;uUa>n^s. 

r.  K,  r>nes:  Wo  have  i^uito  an  extensiN-e  duct  system, 
on^sinall.N  it\s!allod  about  ton  years  ago.  Our  plant  is  built 
on  land  that  was  :\  swamp  and  thoro  is  a  great  deal  of  filled- 
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in  land.  We  have  experienced  some  trouble  due  to  the  sett- 
ling of  the  ducts.  In  locating  a  duct  hne,  especially  in 
steel  plants,  great  care  should  be  taken  that  this  line  is  in- 
stalled where  it  will  not  be  interfered  with  by  future  con- 
struction, as  it  is  a  very  difficult  matter,  after  a  duct  line  is 
installed,  to  have  to  rip  it  up  to  make  room  for  a  new  mill  go- 
ing in,  or  some  other  consideration  arising,  which  they  con- 
sider of  sufficient  importance  to  cause  the  ripping  up  of 
the  duct  system. 

The  selection  of  a  suitable  foundation  on  which  to  build 
this  duct  line  is  very  important,  as  I  mentioned  the  trouble 
we  have  had  due  to  the  settling  of  the  land.  We  have  had 
some  cable  nearly  cut  off  due  to  the  settling  of  the  ground. 

The  type  of  duct,  or  material  out  of  which  the  duct  hne 
is  constructed,  is  also  important.  In  our  plant  we  con- 
structed every  circuit  of  vitrified  duct,  and  we  had  some 
difficulty  with  cracking  joints  which  has  allowed  one  thing 
and  another  from  the  ground  to  come  in,  and  these  substan- 
ces have  eaten  off  our  lead  coating  right  where  the  joints 
are.  We  have  been  troubled  considerably  by  electrolysis, 
and  upon  taking  out  cable  we  have  found  pin-holes,  hardly 
visible,  and  they  would  let  water  into  the  cable. 

Another  important  thing  is  making  the  splice.  To 
make  a  good  splice  you  should  have  the  joint  thoroughly 
filled  with  a  compound,  allowing  no  air  bubbles  to  be  form- 
ed, as  in  time  the  air  bubbles  will  causa  deterioration  of  the 
insulation  and  produce  a  breakdown.  We  do  not  know  the 
reason  for  it,  but  we  have  opened  up  joints  and  found  where 
the  air  bubbles  destroy  the  insulation,  and  that  increases 
until  it  gets  to  the  lead  sheath  and  then  the  cable  breaks 
down. 

We  use  paper  and  lead  covered  cables.  We  have  had 
them  in  operation  now  on  2200  volts  for  ten  years,  and  have 
had  no  trouble  at  all  with  this  voltage.  We  have  had  trouble 
on  our  low  voltage  cable  due  to  electrolysis  and  improper 
making  of  the  joints. 

All  of  our  2200-volt  circuits  are  underground,  also  a 
great  deal  of  our  440-volt  circuits  and  250-volt  circuits.  We 
are  now  taking  the  250-volt  circuits  and  the  440-volt  circuits 
and  putting  them  overhead. 
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We  feel  that  where  an  overhead  line  is  properly  con- 
structed, good  insulators,  and  line  put  up  in  a  permanent 
way,  that  it  is  much  better  for  transmitting  low  voltages 
than  the  underground  system.  There  is  less  trouble,  and 
what  trouble  we  have  can  be  seen  and  taken  care  of  before 
the  trouble  is  too  far  advanced.  In  the  case  of  the  2200-volt 
circuits,  the  question  of  safety  comes  in,  and  we  put  those 
circuits  underground  for  that  reason. 

C.  A.  Menk :  I  do  not  think  I  have  very  much  to  add  to 
the  paper.  It  is  very  interesting.  What  are  you  going  to 
do  with  your  present  installation?  You  have  an  old  plant, 
and  if  you  are  going  to  add  to  that,  what  will  you  adopt? 
The  first  question  which  comes  up  is:  "You  have  gotten 
along  for  years  with  your  overhead  construction.  Is  it  go- 
ing to  pay  to  put  it  underground  V 

Another  thing ;  in  designing  a  new  plant  I  think  it  will 
be  actually  necessary  to  know  what  is  going  to  be  added  in 
twenty  years  from  now,  if  placed  underground,  because  it 
is  hard  to  tell  what  may  develop  and  how  soon  it  will  de- 
velop. As  Mr.  Tynes  said,  to  make  extended  changes,  it 
would  be  very  expensive.  Take  a  city  Uke  Chicago  and  oth- 
er large  cities.  These  cities  are  well  established,  and  under- 
ground work  can  be  put  in  that  should  be  good  for  twenty- 
five  years,  probably  fifty  years,  especially  in  the  residence 
districts,  but  in  the  case  of  mill-work  it  looks  as  if  one  would 
have  to  look  ahead  and  make  very  extensive  provision  for 
added  improvements  in  the  future. 

In  installing  an  underground  system  on  three-phase 
work,  will  it  be  advisable  to  put  in  the  triple  conductor,  or 
single  it  out  and  put  it  in,  in  triangle  form? 

In  installing  underground  work,  would  you  put  in  a 
conduit  system  large  enough  under  the  present  day  engin- 
eering, so  that  you  could  pull  out  the  cables  and  put  in  larg- 
er ones,  to  avoid  having  to  rebuild  your  man-holes?  One 
of  the  speakers  said  that  in  one  case  the  man-hole  was  re- 
built eighteen  times.  To  me  that  looks  like  very  poor  en- 
gineering. 

T.  E.  Tynes:  In  reference  to  Mr.  Menk's  question, 
whether  to  install  triple  conductors,  or  single  conductors, 
all  our  underground  cable  is  three-conductor,  even  the  2200 
up  to  500,000  cm.,  and  as  I  said  before,  we  have  had  no 


DISCUSSION:    UNDERGROUND  DISTRIBUTION  196 

trouble  from  the  insulation  of  the  cable — ^it  has  all  been  joint 
trouble  and  electrolytic  action  on  the  lead  sheath. 

S.  C.  Coey :  I  have  had  some  experience  with  an  instal- 
lation on  which  single-conductor,  lead-covered  cables  were  us- 
ed on  three-phase  work.  On  investigation  it  was  found  that 
where  the  lead  covers  of  the  cables  came  in  contact,  the 
sheath  currents  made  pin-holes  in  the  lead  and  when  mois- 
ture was  present  paper  insulation  absorbed  it  like  blotting 
paper.  In  my  opinion  it  is  a  good  thing  to  keep  away  from 
single-conductor  alternating-current  transmission. 

H.  B.  Gear:     You  referred  to  low  tension,  I  suppose? 

C.  A.  Menk:     Yes,  440-volt  circuit. 

H.  R  Gear:  1  quite  agree  with  the  suggestion  that  the 
cables  carrying  large  current  should  be  multiple-conductor 
in  form.  A  case  came  to  my  attention  just  recently,  in  an 
industrial  plant — ^not  a  steel  mill,  but  a  condition  which  is 
very  similar — where  there  were  thirty-two  No.  00  cables 
that  had  to  be  carried  a  distance  of  800  to  1000  feet  from 
the  plant  to  the  point  where  the  power  was  used,  and  in 
order  to  keep  down  the  inductive  drop  on  these  circuits  they 
had  made  them  small,  but  they  were  all  overhead,  and  the 
drop  was  something  like  33  volts  on  a  220-volt  system  in 
that  distance.  If  these  cables  had  been  placed  underground 
and  made  three-conductor,  with  a  separation  of  only  perhaps 
an  inch  between  centers,  the  inductive  component  of  the 
drop  would  have  been  very  much  less  and  the  system  would 
have  been  far  more  satisfactory.  As  it  was,  they  were  un- 
able to  run  any  additional  power  at  the  other  end  of  the  line 
without  stringing  more  copper,  for  which  room  was  not 
available  on  the  poles. 

In  general,  single-conductor  cables  are  somewhat  pre- 
ferable for  high-tension  work  where  the  lines  are  used  for 
distribution  purposes,  that  is  what  Mr.  Newton  has  called 
secondary  feeders  which  are  really  primary  distributing 
mains. 

Where  joints  must  be  made  more  frequently,  for  con- 
necting in  transformers,  it  is  easier  to  do  that  work  on 
single-conductor  than  three-conductor,  from  the  fact  that 
the  opposite  polarities  can  be  separated.  Frequently  that 
work  has  to  be  done  on  either  live,  or  very  close  to  live 
wires.     In  general,  the  cost  of  three-conductor  cables  is 
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sufficiently  less  than  single  conductors,  to  warrant  their  use, 
often  at  the  expense,  as  is  sometimes  done  in  man-holes  or 
other  places  where  taps  are  made,  of  fanning  out  into  three 
singles.  If  the  man-hole  lengths  are  long,  say  four  hundred 
or  five  hundred  feet,  it  is  usually  cheaper  to  make  an  extra 
wiped  joint  in  the  man-hole,  going  through  with  singles,  in 
order  to  save  the  cost  of  extra  lead  that  would  be  put  in 
the  conductors  in  the  long  cable  line. 

In  regard  to  paper  cables,  Mr.  Newton's  statement 
about  paper  cables  is  very  well  considered.  He  agrees  it 
should  be  used  and  can  he  used  where  experienced  men  are 
handling  it,  but  his  statement  is  that  it  should  not  be  used 
where  inexperienced  men  are  handling  it.  In  a  large  sys- 
tem, such  as  that  in  Chicago,  we  use  nothing  but  paper 
cable,  even  for  laterals  and  secondaries. 

There  is  no  difficulty  whatever  with  high-tension  cab- 
les in  taking  care  of  ends  if  they  are  provided  with  pot- 
heads,  as  Mr.  Newton  suggests. 

With  regard  to  the  facilities  which  are  provided  for  in 
emergencies,  the  pot-head  is  so  arranged  that  it  is  an  easy 
matter  to  have  one  cable  act  as  a  reserve  for  a  group  of  cab- 
les, doing  the  same  class  of  service,  and  the  developments 
in  recent  years  are  quite  numerous  as  compared  with  what 
we  used  to  have  to  get  along  with  in  the  way  of  emergency 
facilities. 

In  connection  with  the  ventilation  of  transformer 
rooms,  I  notice  that  Mr.  Newton  suggests  that  any  trans- 
fi>rmer  room  for  200  kilowatts  or  more  should  be  ventilated. 
Our  experience  is  that  that  is  rather  a  high  limit.  We  have 
had  a  number  of  cases  of  150  or  120  kilowatts,  where  in  the 
summer  time  the  ordinary  air  temperatures,  especially  like 
we  had  last  summer,  were  enough  to  make  these  transform- 
er rooms  run  up  to  130  to  140"  F.,  and  the  oil  temperatures 
correspondingly  high,  so  that  the  insulation  was  in  danger. 
It  takes  rather  a  liberal  ventilating  system  in  the  form  of 
intakes  and  ventilating  flues,  etc.,  to  take  care  of  such  an  in- 
stallation during  warm  weather  conditions,  especially  where 
the  transformers  carry  load  continuously  on  power  installa- 
tions. 

With  regard  to  the  size  of  conduits,  I  think  that  es- 
*^ciaUy  where  secondaries  are  to  be  run,  and  where  a  three- 
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conductor  cable  is  advisable,  the  conduit  should  be  at  least 
four  inches  in  diameter.  We  have  had  considerable  difficul- 
ty in  Chicago,  because  of  the  fact  that  many  years  ago  we 
adopted  a  three  and  one-half  inch  conduit  as  our  standard 
size  conduit.  When  we  get  up  to  the  point  where  we  would 
use  large  three-conductor  20,000-volt  cables,  we  are  limited 
to  a  diameter  of  three  and  one-half  inches  in  the  ducts,  and 
250,000-c.m.  cable  is  the  largest  we  can  get  into  it.  That 
leaves  about  one-quarter  inch  clearance  which  is  the  least 
that  is  practicable,  and  lengths  between  man-holes  are  limit- 
ed to  350  feet  in  order  to  allow  the  cable  to  be  pulled  in. 

In  any  case  where  large  low  tension  cables  are  to  be 
used  and  where  three  conductors  are  desirable,  I  would  ad- 
vise that  a  4-in.  conduit  would  be  advisable. 

B.  G.  Beck:  We  have  been  working  with  one  of  these 
underground  systems  for  a  long  while.  I  think  when  we 
put  in  an  underground  system  we  should  take  into  consider- 
ation the  condition  of  the  soil.  We  have  one  that  the  hotter 
it  gets  the  more  it  leaks,  and  the  more  it  leaks  the  hotter 
it  gets.  A  great  deal  of  the  heating  depends  on  the  depth 
of  the  installation. 

As  pointed  out,  we  should  take  into  consideration  the 
proximity  of  the  furnace  gas  mains  and  hot  water  return 
mains,  which  may  be  installed,  and  another  trouble  we  got 
into  was  in  following  the  standard  practice  that  ordinary 
city  engineers  used  in  putting  in  their  duct  system.  They 
have  really  an  intermittent  service,  a  period  during  the  day 
in  which  their  heat  goes  into  the  duct  systems,  and  during 
the  night  it  can  be  cooled  off  before  getting  another  big  load 
in  the  morning,  and  adding  more  heat  to  it.  With  our  sys- 
tem, it  is  a  steady  service,  six  days  in  the  week,  and  we  add 
heat  all  the  time,  and  that  makes  our  service  quite  different 
from  city  service. 

As  to  using  16  or  20  ducts  in  a  line,  I  do  not  believe  I 
would  do  it,  with  the  amount  of  power  we  have  to  use  in 
these  ducts. 

In  regard  to  sectionalized  ducts,  it  is  difficult  to  run  the 
ducts  through  the  steel  mill  in  any  case.  In  most  cases  you 
have  to  run  it  between  furnaces,  and  when  you  are  running 
from  one  center  of  distribution  you  cannot  sectionalize  your 
ducts. 
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We  ought  to  take  into  account  the  effect  of  one  cable 
transmitting  trouble  to  another.  I  believe  that  has  been 
taken  care  of  by  these  gentlemen  in  a  very  nice  way. 

I  have  been  thinking  of  taking  out  the  old  duct  system, 
and  making  a  runway  through  the  plant,  with  a  reinforced 
cover  over  it,  and  ventilators  about  every  twenty  ft.,  with  air 
ducts  so  arranged  that  we  can  throw  in  a  fan  in  case  of 
burnout.  We  had  a  serious  burnout  some  time  ago  when  the 
cables  were  up  to  120  deg.  Cent.,  even  those  cables  which 
were  not  carrying  current. 

With  all  the  troubles  to  which  the  underground  cable 
system  is  incident,  there  is  one  thing  we  must  take  into  ac- 
count. We  have  been  transmitting  about  15,000  kilowatts, 
2200  volts,  underground,  and  we  have  not  had  any  loss  of 
life.  The  prevention  of  such  loss  of  life  was  the  primary 
object  in  installing  an  underground  system,  and  we  also 
have  not  had  any  motor  losses  on  account  of  storms  or 
lightning.  On  some  overhead  systems  with  which  I  have 
been  connected,  and  on  one  system  in  particular,  we  had  a 
bad  lightning  storm  and  lost  fifteen  motors  at  one  time. 
That  kept  us  busy  for  some  time.  A  couple  of  these  mo- 
tors were  big  ones  on  which  the  plant  depended.  We  have 
not  had  any  trouble  of  that  kind,  but  have  had  trouble  with 
cables.  Some  of  them  have  been  minor  troubles,  and  only 
one  very  serious  trouble,  and  the  trouble  I  refer  to  now  was 
in  the  case  of  a  cable  which  started  to  go  bad,  and  affected 
the  adjacent  cable,  and  that  affected  the  rest  of  them,  and 
we  had  our  whole  duct  system  hot. 

Regarding  the  running  of  these  wires  underground.  As 
was  pointed  out.  when  you  support  the  individual  cables  on 
porcelain  insulators,  the  question  of  induction  comes  in,  and 
it  is  a  question  whether  with  large  current  carrying  capa- 
city we  wouUl  not  run  into  a  l>t  of  trouble  with  this  induc- 
{\ou  etlVet.  it  mijjht  be  better  to  i^^stall  the  lead  covered 
cables  in  a  ihict  system  where  you  could  go  into  it  and  ven- 
tihUe  it  :n\d  get  your  gases  out.  in  cas?  they  did  blow  up. 

Ibirney  W.  (lilson:     1  would  like  very  much  to  hear 

something  from  Mr.  Cawv  in  regard  to  the  limitations  as  to 

size  of  three-ei>i\ilui'ti>r  eaMes.     It  has  been  my  experience 

tliai  thive-eiuuluotor  cables  larji-^r  than  500,000-c.m.  are  very 

JitticuH  to  handle  and  inslaW,  K^^vever,  we  now  have  two 
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500,000-c.m.,  3-phase  cables  in  operation,  and  have  some 
700,000-c.m.,  3-phase  cables  on  order.  These  last  will  be 
laid  in  floor  duct,  and  not  pulled  through  conduit,  as  were 
the  500,000-c.m.  cables. 

Ladwig  Hommel:  Mr.  Coey's  plan  of  a  "tunnel"  on  the 
ground  instead  of  under  the  ground,  looks  very  good,  where 
it  is  possible  to  put  up  such  a  structure.  In  fact,  I  had 
wondered  whether  a  conduit  system  with  ducts  laid  on  the 
ground  in  a  few  inches  of  concrete  with  handholes  where 
necessary  might  not  be  feasible  in  mills  having  ground 
water  near  the  surface. 

Where  a  tunnel  is  used,  the  cables  should  be  covered  for 
their  entire  length,  just  as  is  done  now  for  the  exposed  part 
of  the  cables  in  the  man-holes.  It  would  be  interesting  to 
have  Mr.  Hovey  tell  us  what  is  the  latest  practice,  what  ma- 
terial is  now  used  for  that  purpose.  If  porcelain  insulators 
are  used  for  supporting  the  cables,  the  lead  sheaths  should 
be  grounded  to  avoid  any  possible  danger  to  the  men  hand- 
ling or  touching  the  lead  sheaths. 

The  planning  of  the  man-hole  layout  is  important  to 
avoid  unnecessary  crossing  over  each  other  of  cables  in  the 
man-holes.  If  a  diagram  is  made  of  each  man-hole  before 
the  cables  are  drawn  in,  showing  how  the  cables  will  run 
across  ultimately  when  the  duct  system  is  filled,  it  should 
result  in  much  better  work  and  avoid  trouble  in  the  man- 
holes. 

The  trouble  with  cables,  if  there  is  any,  mostly  occurs 
in  the  man-holes  where  the  cable  has  to  be  bent — the  bend- 
ing of  a  cable  is  an  operation  that  requires  skill  and  ex- 
perience. If  a  burnout  occurs,  it  is  most  likely  there  to  in- 
volve other  cables. 

I  believe  tV.'^t  junction  boxes  were  mentioned  in  the 
paper.  It  is  my  experience  that  they  are  a  source  of  trouble, 
while  joints  are  practically  as  safe  as  the  cable  itself. 

I  agree  with  Mr.  Hovey  on  the  paper  cable.  I  believe 
that  it  is  fully  as  reliable  as  rubber  cable  and  the  joints  are 
at  least  as  easily  made,  and  perhaps  more  easily  and  safely 
than  on  rubber  cables. 

George  T.  Street:  There  is  one  point  which  has  been 
brought  out  in  regard  to  man-holes:  the  tendency  in  the 
past  has  been  to  make  the  man-hole  too  small.    But  tYvete  \s» 
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another  point  which  has  not  been  mentioned,  and  I  think  it 
is  important:  the  tendency  to  make  too  few  man-holes. 
Each  additional  man-hole  means  additional  jointing,  but  it 
means  much  less  liability  of  mechanical  damage  to  the  cable 
in  installing  it  on  account  of  reduction  in  tension  while 
drawing  in,  and  I  think  that  is  one  point  which  should  be 
carefully  considered  in  laying  out  any  conduit  system. 

Fred  H.  Woodhull:  There  is  one  thing  that  will  have 
to  be  guarded  against  pretty  carefully  in  using  the  tunnel 
system.  The  tendency,  where  the  cables  are  carried  on  con- 
crete carriers,  where  they  carry  heavy  currents,  is  to  have 
them  clamped  in  some  way.  They  must  be  held,  due  to  the 
magnetic  effect.  I  call  to  mind  an  experience  I  had  some 
years  ago  in  connection  with  central  station  work  in  New 
York  City,  where  a  short-circuit  occurred  back  of  the  switch- 
board, causing  some  large  lead  covered  cables  to  jump  off  of 
the  cable  racks.  It  is  a  thing  which  will  have  to  be  guard- 
against. 

A.  F.  Hovey:  In  one  of  the  oldest  and  best  known  me- 
thods for  fireproofing  cables  in  manholes  against  the  explos- 
ion of  adjacent  cables,  common  rope  and  concrete  are  em- 
ployed. The  former  is  wound  spirally  around  the  cable  with 
about  1  in.  separation  between  the  turns,  and  the  cable  and 
rope  are  then  plastered  with  a  one  to  one  mixture  of  sand 
and  cement.  The  rope  provides  a  rough  surfaca  to  which 
the  concrete  clings  readily  and  gives  a  slightly  flexible  back- 
ground, which  aids  somewhat  in  preventing  cracking  of  the 
fireproofing  under  a  chance  blow. 

The  workmen's  hands  have  proved  to  be  better  than  any 
tool  for  applying  the  cement  for  this  type  of  covering.  As 
far  as  the  fireproofing  (lualities  alone  are  concerned,  this 
covering  is  satisfactory,  but  its  removal  presents  a  formid- 
able task.  Efforts  to  reduce  this  difficulty  have  been  made 
by  placing  the  turns  of  rope  closer  together  and,  except  for 
the  fact  that  rope  is  now  rather  expensive,  this  method  of 
protecting  cable  is  fairly  satisfactory. 

Another  method  of  fireproofing  is  that  in  which  asbes- 
tos milU>oard,  cut  into  3-in.  strips,  is  wound  around  the  cable 
and  held  in  place  by  a  fireproof  paste,  silicate  of  soda.     This 
covering  proved  satisfactory  as  long  as  the  man-holes  re- 
mained dry,  but  if  water  ran  \iv  and  covered  the  cables,  the 
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silicate  was  dissolved  and  the  asbestos  loosened,  dropping 
from  the  cable.  Recently,  on  account  of  the  difficulty  in 
obtaining  deliveries  of  asbestos  millboard,  asbestos  listing, 
a  woven  material  with  a  selvage  has  been  substituted.  This 
material  can  be  purchased  in  the  form  of  3-in.  tape  and 
wound  spirally  around  the  cable,  and  the  silicate  of  soda  cov- 
ering is  used  to  hold  it  in  place. 

When  material  as  expensive  as  asbestos  is  used  for  fire- 
proofing  cables,  some  provision  should  be  made  for  salvag- 
ing the  covering  when  it  is  removed  from  the  cable.  A 
simple  and  inexpensive  way  of  doing  this  is  first  to  wrap 
the  lead  sheath  of  the  cable  with  strips  of  cheesecloth  dip- 
ped in  paraffine.  One  layer  of  cheesecloth  is  sufficient 
Then  when  repairs  are  necessary,  the  asbestos  can  be  sep- 
arated easily  from  the  paraffined  cloth  and  taken  off  in  long 
strips.  If  these  strips  of  asbestos  are  carefully  rolled  back- 
ward during  removal,  they  can  be  perserved  and  reapplied. 

In  what  is  perhaps  the  most  recent  method  of  fireproof- 
ing  underground  cables,  a  layer  of  paraffined  cheesecloth  is 
wound  around  the  sheath  and  over  this  metal  lath,  covered 
with  cement  and  cut  into  strips,  is  spirally  wound.  The 
cloth  is  applied  as  described  above,  simply  to  aid  in  remov- 
ing the  covering.  The  metal  lath  used  is  a  wire  mesh  cov- 
ered with  brick,  clay,  put  on  under  pressure  and  baked,  the 
resultant  product  being  a  web  of  small  briquettes  which  can 
be  applied  the  same  as  any  wire  or  expanded  metal  lath. 
This  makes  an  excellent  foundation  for  the  cement  mortar, 
as  it  is  porous  and  flexible.  The  cement  can  be  applied  with 
a  trowel  or  by  hand,  forming  the  covering  into  a  homogene- 
ous mass.  While  this  type  of  covering  is  somewhat  more 
difficult  to  install  than  the  asbestos  covering,  it  is  consider- 
ably less  expensive,  as  calculated  from  the  prevailing  prices 
of  material.  It  can  easily  be  removed  by  breaking  the  ce- 
ment covering  with  a  hammer  and  cutting  the  metal  lath 
with  tinner's  snips. 

Whatever  covering  is  applied  should  be  considered  good 
insurance  against  both  mechanical  and  electrical  trouble. 
The  added  application  of  paraffined  cheesecloth  under  any  of 
these  types  of  covering  insures  the  lead  sheath  against 
damage  at  the  time  the  covering  is  removed  for  changes  in 
the  manhole  cables. 
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I  would  add  one  more  point  in  regard  to  the  fireproof- 
ing.  In  constructing  the  man-holes,  the  scheme  of  putting 
in  slate  slabs  to  carry  the  cable  and  the  joint  through  the 
man-holes,  particularly  in  the  oblong  or  egg-shaped  type, 
seems  to  be  a  particularly  desirable  addition  to  the  con- 
duit system  itself.  It  gives  a  good  support,  whether  the 
cables  are  wrapped  or  not,  from  one  mouth  of  the  duct  to  the 
other  side.  It  saves  putting  in  a  lot  of  hangers,  and  can 
be  installed  by  putting  in  T-irons  along  the  wall  and  the 
stone  or  slate  slab  can  be  in  three  pieces,  one  long  piece 
under  the  joint,  and  a  section  on  each  side  of  the  joint,  and 
furnishes  a  good  protection  from  one  cable  to  the  other. 

T.  E.  Tynes:  One  speaker  brought  up  the  question  of 
the  number  of  man-holes  to  install  for  the  duct  line.  Be 
sure  to  get  enough.  In  our  hew  lines  we  do  not  bring  out 
all  cables  in  the  same  man-holes,  but  only  bring  out  one-half 
to  alternate  man-holes.  If  we  lose  one  set.  of  cables  in  a 
man-hole,  we  are  only  incapacitated  to  half  the  capacity  of 
our  cables. 

We  have  also  sued  the  method  of  wrapping  asbestos 
tape  around  them  to  protect  them  in  case  of  a  ground,  and 
that  is  effective  except  where  there  is  gas  in  the  man-hole. 
We  have  had  several  bad  fires  due  to  leaky  gas  mains  near 
the  conduit  line,  and  the  system  would  fill  up  with  gas,  and 
that  gas  would  destroy  anything  put  in. 

If  a  partial  ground  occurs  on  one  of  the  cables,  the  as- 
bestos covering  in  the  case  of  dry  man-holes  is  sufficient 
protection,  but  this  will  not  work  where  there  is  dampness. 

H.  B.  Gear:  In  regard  to  the  subject  of  cable  protec- 
tion, we  have  used  the  rope  and  cement  wrapping  in  Chica- 
go for  several  years  now,  and  I  think  we  have  avoided  the 
trouble  Mr.  Hovey  spoke  of,  (of  having  the  cement  stick  too 
tightly  to  the  lead  sheaths)  by  using  rather  more  rope  than 
he  described,  that  is,  wrapping  the  rope  so  that  the  spirals 
almost  touch  each  other.  There  has  been  little  difficulty 
in  breaking  off  the  rope  and  cement  when  it  was  desirable 
to  get  at  the  cable  to  do  work  on  it. 

There  was  one  point  raised  about  the  maximum  num- 
ber of  ducts  referred  to — twenty  ducts.  I  might  explain, 
further,  that  when  anything  over  perhaps  nine  ducts  or  ten 
ducts  is  put  into  one  line,  it  is  the  practice  in  Chicago  to 
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separate  the  conduit  system  into  two  halves  by  putting  three 
inches  of  concrete  between  the  two  ducts  on  one  side  and 
the  two  ducts  on  the  other  side,  never  putting  more  than 
four  ducts  in  any  horizontal  row,  and  no  duct  is  more  than 
one  duct  away  from  the  outside  earth,  from  radiation.  This 
additional  barrier  of  concrete  between  the  two  halves  of  the 
system  is  then  carried  into  divided  man-holes  where  the  num- 
ber of  cables  is  sufficient  to  fill  the  duct  system,  and  not 
more  than  eight  or  ten  cables  in  that  way  go  into  any  one 
man-hole.  The  man-holes  are  built  in  a  staggered  form, 
one-half  of  the  conduit  system  going  into  one  and  the  other 
half  into  the  other. 

In  the  vicinity  of  power  houses,  where  large  numbers 
of  cables  must  be  brought  out,  this  problem  was  solved  in 
our  most  recent  installation  by  the  use  of  24-duct  runs. 
These  24-duct  runs  came  out  of  three  or  four  different  bus- 
es, and  fanned  out  into  4-duct  lines,  going  to  a  series  of  man- 
holes which  led  out  from  three  different  conduit  systems. 
Three  conduit  systems  went  in  different  ways  to  the  station, 
and  by  doubling  the  man-holes  on  each  of  the  conduit  sys- 
tems, and  fanning  out  a  group  of  4  from  each  of  the  24  into 
tne  man-hole,  all  of  the  cross-overs  were  taken  care  of  und- 
erground and  a  system  was  devised  by  which  a  cable  could 
be  brought  into  any  conduit  system  or  by  which  we  have 
no  cross-over  in  a  man-hole. 

With  regard  to  the  maximum  size  of  conductor  which 
might  be  put  into  a  3-conductor  cable,  I  do  not  know  that 
I  can  answer  the  question  specifically.  I  have  known  of 
cables  as  large  as  600,000-c.m.  being  used.  The  real  limit, 
I  think,  as  I  stated  before,  is  in  the  size  of  the  conduit  which 
is  used.  With  a  4-inch  conduit  system,  I  think  there  will 
be  no  difficulty  in  using  three  600,000-c.m.  or  possibly  three 
750,000-c.m.  conductors  in  one  three-conductor  cable. 

In  reference  to  using  a  tunnel  large  enough  for  men  to 
walk  through,  I  would  be  inclined  to  think  it  would  be  pre- 
ferable, even  if  such  tunnels  were  used  for  low  tension  cab- 
les, to  use  3-conductor  cables  carried  on  a  rack  rather  than 
to  use  single  cables  carried  on  separate  racks  which  would 
necessarily  have  to  be  three  or  four  inches  apart.  The  in- 
ductive effect  as  well  as  the  safety  of  installation,  would  be 
bettered  by  the  use  of  three-conductor  cables. 
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STEEL  CONDUCTORS  FOR  TRANSMISSION  LINES     ^ 


Bt  h.  b.  dwight 


The  results  of  a  number  of  tests  of  the  electrical  prop- 
erties of  steel  wires  and  cables  when  used  as  conductors  of 
alternating  current,  have  been  published.  Although  these 
tests  are  incomplete,  especially  as  regards  the  use  of  steel 
conductors  in  America,  they  show  some  attractive  possibili- 
ties, from  both  commercial  and  engineering  points  of  view, 
for  the  use  of  steel  instead  of  copper  in  certain  classes  of 
work. 

Attention  is  here  called  to  the  peculiar  properties,  the 
advantages  and  disadvantages,  of  steel  conductors,  in  order 
to  point  out  the  advisability  of  making  complete  tests  of 
American  grades  of  steel,  so  that  electric  power  companies 
may  make  use  of  this  material  for  the  cases  where  it  proves 
economical  and  advisable  for  transmission-line  work.  Al- 
ready, small  sizes  of  steel  conductors  have  been  used  with 
success  in  America,  and  this  practice  may  be  extended  by  a 
knowledge  of  the  characteristics  of  large  steel  cables. 

As  is  well  known,  resistance  of  an  iron  or  steel  conduc- 
tor is  considerably  greater  for  alternating  current  than  for 
direct  current.  This  is  partly  due  to  the  skin  effect,  that 
is,  the  crowding  of  the  alternating  current  to  the  outside 
parts  of  the  conductor  by  the  alternating  magnetic  flux  in 
the  conductor,  and  partly  to  hysteresis,  or  iron  loss,  caused 
by  the  alternating  magnetic  flux  in  the  steel.  In  the  case  of 
copper  or  aluminum  transmission-line  conductors  of  usual 
size,  the  skin  effect  increases  the  effective  resistance  only 
one  or  two  per  cent,  and  so  is  practically  negligible.  But 
in  the  case  of  iron  or  steel  conductors,  the  flux  has  a  mag- 
netic path,  and  so  attains  a  value  from  20  to  several  hund- 
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red  times  as  great  as  in  a  non-magnetic  conductor,  "nie 
result  is  that  the  skin  effect  is  very  pronounced  and  the  ef- 
fective resistance  is  increased  by  a  large  amount,  in  some 
cases  by  100  or  200  per  cent,  or  more.  However,  the  con- 
clusion should  not  be  assumed  that  steel  cables  are  unsuit- 
able for  alternating  currents.  The  tests  so  far  published 
go  to  show  that  it  is  as  necessary  for  an  iron  a-c  conductor 
to  have  line  strands  as  for  an  iron  core  to  have  thin  lamina- 
tions.  The  tests  also  indicate  that  if  the  strands  are  mod- 
erately line  and  are  properly  put  together,  the  increase  of 
lesistance  at  25  or  60  cycles  may  be  kept  down  to  a  r 
ably  small  percentage.     This  is  shown  in  Figs.  1  to  6. 


I- 


—Resistance  Curv 


The  curves  shown  with  this  paper  have  been  derived 
from  test  curves  published  in  the  Elektrotechnische  Zeits- 
chrift  of  January  28,  1915.  They  refer  for  the  most  part 
to  a  grade  of  steel  or  iron,  called  H-oo,  which  is  a  medium 
grade  recommended  in  the  above  article  for  alternating-cur- 
rent work.  That  its  cost  is  reasonably  low  is  indicated  by 
the  fact  that  two  other  grades  of  steel  were  tested,  each 
stated  to  be  purer  and  more  expensive,  and  also  to  have 
greater  skin  effect,  than  the  grade  H-oo.  Although  the 
purer  material  has  higher  conductivity  for  direct  current, 
it  has  also  greater  permeability  to  magnetism,  which  is  a 
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disadvantagre.  Thus  the  cheaper  grade  was  found  to  be 
more  suitable  for  a-c.  work.  The  same  conclusion  was  also 
stated  in  a  recent  bulletin.  No.  252  of  the  Bureau  of  Stand- 
ards, Washington,  D.  C,  by  J.  M.  Miller,  who  found  that 
of  the  wires  tested,  the  grade  with  the  highest  resistance 
to  direct  current  had  the  lowest  resistance  to  alternating 
current,  and  was  also  the  least  expensive.  The  tests  on 
American  steel  wire  described  in  the  above  bulletin  shows 
somewhat  less  skin  effect  than  that  of  grade  Hk)o  steel 
wires. 

The  tests  on  grade  H-oo  steel  were  originally  expressed 
in  centimeter  units  and  were  made  at  50  cycles.    The  curves 


Pig.  2 — Kesistance  Curves— 60  Cycles~19-Wire  Cabl«s— Grade 
H-oo  Steel 

have  been  re-arranged  for  English  units  and  for  60  and  25 
cycles,  and  put  on  a  base  of  amperes  per  cable,  so  as  to  ap- 
ply to  American  transmission-line  conditions.  The  Bureau 
of  Standards'  tests  described  in  Bulletin  No.  252  show  that 
at  commercial  frequencies  the  increase  of  resistance  is  ap- 
proximately proportional  to  tlie  frequency,  and  this  prop- 
erty was  made  use  of  in  making  the  above  transformations. 

The  curves  of  internal  reactance  of  steel  cables  publish- 
ed in  the  article  referred  to  above,  are  shown  in  Fig.  7. 
These  curves  do  not  refer  to  grade  H-oo  steel,  but  to  a  grade 
of  higher  permeability.  This  grade,  as  shown  by  resistance 
curves  in  the  original  article,  has  more  increase  of  ies.vata.ivii^ 
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than  grade  H-oo,  for  the  same  size  and  stranding  of  cable. 
Presumably,  therefore,  grade  H-oo  would  have  somewhat 
lower  values  of  reactance  than  those  of  Fig.  7.  The  tests 
show  that  the  resistance  curve  and  the  reactance  curve  of  a 
given  cable  reach  their  maxima  at  about  the  same  value 
of  current.  It  is  of  interest  to  note  that  increasing  the  num- 
ber of  wires  in  a  cable  decreases  the  reactance,  while  in- 
creasing the  size  of  the  wires  increases  the  reactance,  ac- 
cording to  the  examples  in  Fig.  7. 

The  d-c.  resistance  of  each  cable  is  given  in  Fig.  7,  and 
the  maximum  a-c.  resistance  wiU  be  about  twice  as  great. 


40  s:  » 
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Ko&Utiince  Curves  -<>0  Cycles — T-wire  Cables — Grade 

H-oo  Steel 


acooriliiiir  to  Fig$,  1  to  6.  From  the  results  shown  in  Fig. 
7,  tlie  internal  r\^acl;ince  at  60  cycles  and  at  any  current  may 
bo  takoii  as  boin^r  alxnit  75  ^vr  cent,  of  the  a-c  resistance  at 
the  .^ante  eviri\M\i  in  the  absence  of  more  complete  data.  The 
e\ien\al  ivacianee  shvHiKl  Iv  taken  from  regular  transmis- 
sion hne  laMos  anvt  avivl^\l  to  the  internal  reactance  to  give 
the  tot;d  tvaetaitoe.  ri;e  alvve  is  the  method  by  which  the 
e\an\ploN  at  tiie  emi  of  this  ^>iu>er  have  been  worked.  It  is 
tne!vl\  appr\*\'.uiato.  anvi  :re  cautiv^n  should  be  given  that 
tov  piaviual  sieNi>:iiu\>;.  test  curves  o:  the  resistance  and 
iwu'tan^o  x^t  the  actua*  tv^v  of  cii^'e  :o  be  used  should  be 
enu»K\\vd 
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Another  point  brought  out  by  the  tests  in  the  Elektro- 
techoische  Zeitschrift  is  that  a  large  part  of  the  magnetizar 
tion  is  caused  by  the  spirahng  of  the  wires  in  a  cable,  and  if 
the  spiralioff  of  the  different  groups  of  wires  is  properly 


— Reautance  Currea — Grade  H-oo  Steel  Wires — 60  Cycles 


Fig.  5 — Resistance  Curves — 25  Cycles — 49-Wire  Cables— Grade 
H-oo  Steel 

reversed,  the  increase  in  effective  resistance  can  be  reduced 
as  much  as  one-half.  Actual  examples  of  this  are  shown  in 
Fig.  8.  Thus  if  the  spiraling  of  one  layer  of  wires  is  clock- 
wise, the  spiraUng  of  the  next  layer  should  be  counter  clock- 
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wise.  Also,  in  a  cable  made  up  of  several  strands,  the  sinral- 
ing  of  the  wires  in  each  strand  should  be  opposite  to  tbs 
spiralins:  of  the  strands  in  the  cable.  In  Fig:s.  1  to  6,  the 
cables  are  assumed  to  have  the  spiraling  reversed  as  much 
as  possible.  Since  spiraling  produces  so  strong  an  effect, 
the  pitch  of  the  spiral  should  be  as  long  as  possible  without 
endangering  the  strength  of  the  cable. 

The  curves  accompanying  this  paper  show  that  iron 
and  steel  conductors  have  the  pecuhar  property  that  the  ef- 
fective resistance  and  reactance  increases  to  a  maximum  as 
the  current  is  increased,  and  then  decreases.  This  is  due 
evidently  to  the  iron  becoming  saturated  so  that  the  flux 
and  the  iron  loss  do  not  increase  as  before  in  proportion  to 


— 7-Wire  Cables— Grade 

the  current.  In  most  cases,  especially  with  the  larger  cab- 
les, the  decrease  is  very  slow  and  the  resistance  maintains 
approximately  its  maximum  value  for  most  large  values  of 
current.  This  property  should  prove  useful  in  transmission- 
line  work,  for  the  conductor  will  have  a  low  impedance  to 
the  normal  load  current,  but  will  have  about  twice  as  much 
impedance  to  the  current  flowing  in  case  of  a  short-circuit. 
The  impedance  will  also  be  large  to  high-frequency  surges 
caused  by  switching  or  lightning.  It  may  prove  more  eco- 
nomical in  certain  cases  to  protect  a  line  against  short  dr- 
cuit.s  and  surges  by  using  steel  conductors  than  by  install- 
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mg  current-limiting  reactors  or  by  increasinar  the  reactance 
of  the  transformers. 

This  property  may  also  be  of  use  in  the  case  of  feeders 
of  direct-current  interurban  railways.  If  the  feeder  be  a 
steel  cable  it  will  have  low  resistance  to  direct  current,  but 
high  impedance  to  alternating  currents.  It  will  therefore 
tend  to  damp  out  the  suddenness  of  short  circuits,  and  light- 
ning surges,  which  cause  synchronous  converters  and  gen- 
erators to  flash  over.  That  there  is  need  of  taking  pre- 
cautions against  flash-overs  in  this  way  is  shown  by  the 
fact  that  it  has  already  become  the  practice  to  make  the 
nearest  connection  between  a  feeder  and  the  trolley  wire 


Fig.  7— Internal  Reactance  Curves— 60  Cycles— Grail-s  S.S.W.  Steel 

several  thousand  feet  from  a  synchronous  converter  or  gen- 
erator so  that  the  latter  will  be  protected  by  the  resistance 
of  a  long  stretch  of  feeder  in  case  of  surges  or  short  cir- 
cuits.* If  the  feeder  be  made  of  steel,  and  especially  if  the 
stranding  be  coarse,  the  required  protection  will  be  atili 
more  complete.     Steel  conductors  would  probably  be  econo- 

•The  Relation  of  Trolley  Feeder  Taps  to  Machine  Flash-Overs,  by 
Chas.  H.  Smith,  The  Electric  Journal,  January,  1915. 
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mical  only  when  it  is  allowable  to  use  bare  cables,  for  tiw 
large  size  of  steel  cables  compared  with  copper  ones  would 
greatly  increase  the  cost  of  the  insulating  covering. 

"Hie  higher  conductivity  of  steel  for  direct  current  than 
for  alternating  current  makes  the  use  of  bare  steel  cables 
for  d-c  feeders  more  economical  than  for  a-c  lines.  A  steel 
cable  has  about  eight  times  as  much  resistance  to  direct  cur^ 
rent  as  a  copper  cable  of  the  same  size,  and  therefore  seven 
times  as  much  resistance  as  a  copper  cable  of  the  same 
weight,  since  copper  is  more  dense  than  steel  But  gal- 
vanized steel  cables  usually  cost  less  than  1-7  as  much  as 


Fig.  8 — Effect  of  Spiralinc 

copper  cables  per  pound,  and  so  should  be  more  economical, 
other  things  being  equal. 

Steel  cables  have  frequently  been  used  on  transmission 
lines  for  long  spans  up  to  3000  feet  or  more.  In  some  cases 
the  steel  cable  has  been  the  support  for  a  copper  conductor, 
but  in  many  cases  the  steel  cable  itself  has  carried  the  elec- 
tric current.  Such  applications  are  of  such  a  short  length 
compared  with  the  entire  transmission  line  that  they  have 
been  chosen,  not  because  of  a  comparison  of  the  cost  and 
conductivity  of  steel  and  copper,  but  because  copper  or  alu- 
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minum  would  be  too  weak  for  such  long  spans,  and  a  much 
stronger  material,  like  steel,  was  absolutely  necessary  in 
order  that  the  transmission  line  should  be  mechanically  safe. 

Another  application  of  steel  conductors  which  has  al- 
ready met  with  fair  success  is  for  small  size  conductors,  as 
mentioned  in  the  second  paragraph.  Here  again  it  has  not 
been  relative  conductivity,  but  the  greater  tensile  strength, 
which  has  induced  the  choice  of  steel  rather  than  copper. 
It  is  not  the  practice  to  use  a  smaller  copper  wire  than  No. 
6  (0.162  in.  or  4  mm.  diameter)  for  overhead  lines,  because 
any  smaller  copper  wire  would  be  mechanically  too  weak. 
But  it  is  often  profitable  to  supply  a  small  load  at  a  distance 
of  several  miles,  which  would  require  only  a  fraction  of  the 
conductivity  of  a  No.  6  copper  wire,  and  in  such  cases  a  No. 
8  or  larger  steel  conductor  has  been  found  to  have  sufficient 
conductivity  and  mechanical  strength,  and  to  cost  much  less 
than  No.  6  copper. 

According  to  a  description  recently  published,*  a  large 
60-cycle  power  system  in  the  State  of  Washington  makes 
use  of  a  considerable  quantity  of  No.  8  iron  wire  for  short 
tap-offs  and  lightly  loaded  branch  lines  on  6600-volt  circuits, 
without  serious  trouble  resulting  from  voltage  drop.  This 
iron  wire  is  of  course  far  cheaper  than  No.  6  copper.  One 
line  built  by  the  above  company  is  an  example  showing  that 
it  may  be  profitable  to  supply  a  surprisingly  small  load  at  a 
distance  of  several  miles.  This  line  is  10  miles  long  and  was 
originally  built  with  No.  8  copper  clad  steel  to  supply  a  50 
h.p.  motor  load  at  6600  volts.  The  line  afterward  carried 
110  h.p.  for  some  time  and  was  later  changed  to  No.  6  cop- 
per in  order  to  have  a  capacity  for  a  still  greater  load. 

An  example  from  Minnesota  shows  the  use  of  somewhat 
larger  steel  conductor.  This  line  operates  at  40,000  volts, 
60  cycles,  and  is  20  miles  long.  No.  4  galvanized  steel  cable, 
made  of  3  wires,  is  used.    The  load  is  about  300  kv-a. 

The  above  examples  show  that  a  power  company  can 
build  up  new  loads  by  sending  out  to  considerable  distances 
numerous  inexpensive  lines,  using  small  steel  conductors. 
The  cheapness  of  the  lines  and  of  the  outdoor  transformers 


•The  Electric  World,  p.  469,  Aug.  28,  1915.    See  also  similar  exam- 
ples described  hi  the  Electrical  World,  p.  820,  April  %,  1^1^. 
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makes  a  very  small  load  profitable,  and  the  chances  of  ob- 
taining larger  loads  are  increased  by  building  lines  into  new 
territory.  Most  of  the  small  steel  conductor  lines  appear  to 
use  solid  wire  of  the  kind  which  has  been  developed  and  sold 
for  telegraph  and  telephone  work,  but  a  stranded  cable  would 
seem,  according  to  the  test  referred  to  in  this  paper,  to  be 
more  suitable  for  a-c.  transmission  of  power. 

A  line  with  small  conductors,  where  steel  is  cheaper  to 
employ  than  the  minimum  size  of  copper,  is  described  in 
Example  I.  Here,  a  seven-mile  steel  line  can  be  designed 
for  75  kv-a.,  but  the  smallest  copper  line  that  can  be  design- 
ed would  be  rated  at  750  kv-a.  Thus,  while  the  poles  and  in- 
sulators will  be  the  same  in  both  cases,  the  steel  conductors 
will  cost  only  $220  against  cost  of  $2600  for  copper.  It  is 
this  large  difference  in  cost  which  has  been  the  main  reason 
for  using  steel  conductors  on  the  branch  lines  of  the  power 
systems  previously  mentioned.  This  difTarence  in  cost  of 
course  is  greatest  when  the  price  of  copper  is  highest. 

Besides  being  cheaper  than  the  copper  cable  for  small 
branch  lines,  the  steel  cable  has  the  advantage  of  being 
mechanically  stronger  and  less  liable  to  be  burned  through 
by  arcs.  The  steel  line  has  therefore  greater  reliability  at 
times  of  wind  and  sleet  storms  and  at  times  of  electrical 
breakdown  or  trouble.  Steel  cables  are  subject  to  the  dis- 
advantage that  their  useful  life  is  shorter  than  that  of  cop- 
per cables,  especially  near  the  sea-coast  where  galvanized 
steel  is  more  quickly  oxidized. 

Example  I  shows  also  the  advantage  of  using  fine 
stranding.  The  seven-wire  cable  gives  9.6  per  cent,  drop, 
while  a  solid  steel  wire  of  the  same  cross  section  has  12.5 
per  cent,  drop  at  the  given  load,  according  to  the  tests  of 
grade  H-oo  steel. 

Examples  II  and  III  show  comparisons  at  60  and  25 
cycles  between  steel  and  copper  conductors  in  regular  trans- 
mission line  work  where  the  conditions  are  equal  for  com- 
petition between  the  two  materials.  The  price  of  copper 
cable  per  pound  may  be  assumed  as  being  10  times  that  of 
galvanized  steel  cable.  This  ratio  is  a  usual  one,  being  ap- 
proximately true  for  times  of  low  prices  of  metals  as  well 
as  times  of  high  prices.  The  lack  of  data  on  the  reactance 
of  a  steel  transmission  line  makes  comparisons  somewhat 
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uncertain,  but  from  the  available  data  it  seems  probable 
that,  considering  the  line  complete  with  towers  and  insula- 
tors, it  will  cost  for  60  cycles  quite  as  much  to  use  steel  con- 
ductors as  copper,  for  heavy  transmission-line  work,  where 
the  extra  weight  of  steel  cables  is  troublesome.  For  25 
cycles  there  may  be  a  saving  by  using  steel.  However,  there 
are  many  cases  where  the  extra  strength  and  size  of  steel 
cables  are  advantageous,  and  so  at  present  the  chief  atten- 
tion should  be  given  to  the  classes  of  work  where  steel  can 
show  other  advantages  than  merely  low  cost  on  a  basis  of 
carrying  capacity  for  alternating  current  power. 

A  transmission  voltage  of  100,000  or  more  is  now  fairly 
common.  It  is  also  a  matter  of  observation  that  the  cost  of 
high-tension  substations  of  the  above  voltage  is  decreasing, 
especially  where  outdoor  substations  are  used.  It  is  not 
possible  to  use  a  small  copper  or  aluminum  conductor  on  a 
100,000-volt  line  on  account  of  corona  loss,  as  is  indicated 
by  the  corona  limits  of  voltage  given  in  examples  II  and  III.* 
Therefore  the  phenomenon  of  corona  puts  a  limitation  on  the 
smallest  allowable  conductor  of  a  100,000-volt  branch  line, 
in  exactly  the  same  way  that  mechanical  strength  fixes  the* 
minimum  size  of  wire  for  a  low  voltage  line,  as  previously 
described.  Therefore,  steel  conductors  have  an  opening  for 
use  on  branch  lines  supplying  a  few  thousand  kv-a.  on  net 
works  of  100,000  volts  and  higher.  This  is  especially  true 
in  mountainous  districts,  where  corona  limits  of  voltage  are 
lower,  and  where  the  other  advantages  of  steel  lines,  namely 
mechanical  strength  and  ability  to  resist  burning  by  high- 
tension  arcs,  are  especially  valuable.  In  rugged  country, 
also  the  long  spans  permissible  with  steel  cables  may  often 
save  detours,  and  shorten  the  distance  of  transmissior. 
There  is  also  the  probability,  previously  mentioned,  that 
where  steel  conductors  are  employed,  lightning  and  switch- 
ing surges  will  be  damped  out  more  than  where  copper  con- 
ductors are  used. 

In  conclusion,  it  has  been  shown  that  large  steel  cablei>, 
if  properly  manufactured,  can  be  used  for  carrying  altemat- 


*These  limits  have  been  calculated  according  to  the  tables  in  "Dielec- 
tric Phenomena,"  by  F.  W.  Peek,  Jr.,  page  210,  McGraw-Hill  Book  Co., 
New  York,  1915. 
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ing  currents.  It  appears  that  the  chief  opportunity  for  the 
use  of  steel  conductors  is  on  branch  lines,  where  the  size  of 
copper  required  merely  for  the  electrical  load  would  be  too 
small  to  use.  However,  in  all  cases,  steel  conductors  will  be 
nearly  as  cheap  as  copper  ones,  if  not  more  so,  and  the  use 
of  steel  will  always  increase  the  reliability  of  the  transmis- 
sion system. 

EXAMPLE  I 

Length  of  line  7  miles 

Voltage  at  receiver 11,000  volts 

Frequency    60  cycles 

Power  factor  of  load  .  S5  per  cent. 

Phases 8 

A.  Conductor    7-wire  steel  cable 

Size   25,000  cir.  mils. 

Diameter  of  cable 0.18  inches 

Diameter  of  Wires  0.06  inches 

Resistance  per  mile  at  full  load 17.6  ohms 

Fall  load  75  kv-a. 

Voltage  drop  at  full  load 9.6  per  cent. 

Weight  of  Conductors  7300  pounds 

Cost  of  steel  cables  at  3  cents  per  lb $220 

B.  Conductor Single  steel  wire 

Size   25,000  cir.  mil. 

Diameter    0.158  inches 

Resistance  per  mile  at  full  load 23  ohms 

Full  load   75kv-a. 

Voltage  drop  at  full  load 12.5  per  cent 

Weight  of  conductors    7300  pounds 

Cost  of  steel  wires  at  3  cents  per  lb.  ...  $220 

C.  Conductor Single  copper  wire 

Size    No.  6,  26250  cir.  mils. 

Diameter    0.162  inches 

Resistance  per  mile 2.14  ohms 

Full  load 750  kv-a. 

Voltage  drop  at  full  load 9.5  per  cent. 

Weight  of  conductors 8800  pounds 

Cost  of  copi»cr  wire  at  30  cents  per  lb. . .  $2600 

EXAMPLE  n 

Length  of  line 75  miles 

Voltage  at  receiver 60,000  volts 

Frequency    60  cycles 

Phases 8 

Power  factor  of  load 85  per  cent 
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A.  Number  of  circuits 2 

Conductor 49-wire  steel  cable 

Size   400,000  cir.  mil. 

Diameter  of  cables 0.81  inches 

Diameter  of  wires 0.09  inches 

Full  load  per  circuit 2500  kv-a. 

Resistance  per  mile  at  full  load 1.16  ohms 

Voltage  drop  at  full  load 9.6  per  cent 

Weight  of  conductors  for  two  circuits. . .  2,510,000  pounds 

Corona  limit  for  operating  voltage   at 

1000  ft.  above  sea  level 164,000  volts 

Sustained  short  circuit  kv-a.  at  full  gen- 
erated voltage,  transformers  with  5 
per  cent  reactance  being  included  at 
each  end 4.4  times  full  kv-a. 

B.  Number  of  circuits 1 

Conductor 49-wire  steel  cable 

Size   1,000,000  cir.  mil. 

Diameter  of  cable 1.28  inches 

Diameter  of  wires 0.143  inches 

Full  load   5,000  kv-a. 

Resistance  per  mile  at  full  load 0.54  ohms 

Voltage  drop  at  full  load 10.9  per  cent 

Weight  of  conductors 8,140,000  pounds 

Corona  ilmit  for  operating  voltages  at 

1000  ft.  above  sea  level 230,000  volts 

Sustained  short  circuit  kv-a.  at  full  gen- 
erator voltage,  transformers  with  5 
per  cent,  reactance  being  included  at 
each  end 3.8  times  full  kv-a. 

C.  Number  of  circuits 1 

Conductor 7-wire  copper  cable 

Size    No.  1,  83,700  cir.  mil. 

Diameter  of  cable 0.328  inches 

Resistance  per  mile   0.G78  ohms 

Full  load r),000  kv-a. 

Voltage  drop  at  full  load 10.7  per  cent 

Weight  of  conductors  300,000  pooinds 

Corona  limit  for  operating  voltages,  at 

1000  ft.  above  sea  level 85,000  volts 

Sustained  short  circuit  kv-a.  at  full  gen- 
erator voltage,   transformers  with   5 
per  cent,  reactance  being  included  at 
each  end 4.8  times  full  kv-a. 

EXAMPLE  III 

I^ength  of  line 100  miles 

Voltage  at  receiver 60,000  volts 
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Frequency    25  cycles 

Phases 8 

Power  factor  of  load 86  per  cent 

A.  Conductor 49-wire  steel  cable 

Size  700,000  cir,  mfl 

Diameter  of  cable  1.08  inches 

Diameter  of  wires 0.12  inches 

Resistance  per  mile  at  full  load 0.68  ohms 

Full   load 4,000  kT-«u 

Voltage  drop  at  full  load 10.2  per  cent. 

Weight  of  conductors 2,930,000  pounds 

Corona  limit  for  operating  voltage  at 

1000  ft.  above  sea  level 215,000  volts 

Sustained  short  circuit  kv-a.  at  full  gen- 
erator voltage,  transformers  with  5 
per  cent,  reactance  being  included  at 

each  end    4.7  times  full  kv-a. 

B.  Conductor 7-wire  copper  cable 

Size  No.  2,  66,400  cir.  mil. 

Diameter  of  cable 0.292  inches 

Resistance  per  mile  0.855  ohms 

Full  load 4000  kv-a. 

Voltage  drop  at  full  load 10.2  per  cent. 

Weight  of  conductors  316,000  pounds 

Corona  limit  for  operating  voltage  at 

1000  ft.  above  sea  level 76,000  volts 

Sustained  short  circuit  kv-a.  at  full  gen- 
erator voltage,  transformers  with  6 
per  cent,  reactance  being  included  at 

each  end 5.6  times  full  kv-a. 


DISCUSSION 


Robt.  E.  Doane:  Mr.  Dwight  has  presented  to  us  a 
comparatively  new  subject  which  has  been  little  discussed 
by  the  engineering  world  in  the  past  and  which  is  of  interest 
because  of  the  possibility  developed  in  certain  directions. 
We  would  point  out,  however,  as  Mr.  Dwight  himself  states, 
that  the  application  is  limited  to  certain  special  cases. 

There  are  four  general  classes  of  service  in  which  steel 
wire  might  be  used  to  advantage. 

1.     Trolley  wire. 
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2.  Very  lightly  loaded  high  voltage  lines,  which  are 
not  long. 

3.  Very  high  voltage  power  transmission  lines  where 
the  question  of  corona  loss  becomes  of  great  importance. 

4.  Long  spans. 

In  the  first  case  the  use  of  steel  trolley  wire  has  been 
quite  extensively  adopted  in  certain  directions  with  some- 
what variable  conclusions  as  to  its  relative  cost  and  general 
efficiency.  In  this  field,  the  use  of  steel  is  restricted  to 
certain  sections  of  our  large  cities  where  the  traffic  is  very 
dense  and  where  the  large  portion  of  the  current  must  of 
necessity  be  carried  on  auxiliary  feeder  lines,  with  very  fre- 
quent taps  to  the  steel  trolley  wir6.  In  such  special  cases 
the  resistance  drop  and  consequent  power  loss  in  the  steel 
as  compared  with  copper  is  comparatively  negligible,  because 
the  current  has  to  fiow  along  the  steel  but  for  a  short  dis- 
tance only.  Due  to  the  greater  hardness  of  steel,  and  its 
original  first  cost,  together  with  its  supposed  longer  life  und- 
er operating  conditions,  it  has  had  preference  in  certain 
cases.  However,  the  very  serious  questions  of  corrosion 
and  scrap  value  of  the  worn-out  wire  have  to  be  taken  into 
consideration  and  these  are  very  important  items  which  will 
be  mentioned  later. 

There  is  another  field  of  steel  trolley  wire  where,  as  in 
such  installations  as  on  New  York,  New  Haven  &  Hartford 
Railroad,  it  is  necessary  to  have  an  exceedingly  flat  and 
smooth  trolley  wire  for  high  speed  work,  in  which  cases  the 
wire  is  sometimes  suspended  directly  under  a  copper  wire, 
purely  for  mechanical  and  not  electrical  reasons.  In  both 
of  the  above  cases  hard  bronze  wire  is  also  used  to  advantage. 

The  second  class  of  service,  for  which  steel  is  applicable, 
is  in  the  case  of  moderately  high-voltage  lines  where  very 
light  loads  are  carried  over  distances  that  are  not  great. 
In  such  cases  the  smallest  copper  wire  that  would  be  used 
for  mechanical  reasons  is,  as  Mr.  Dwight  mentions  No.  6 
B&S,  although  in  a  great  many  cases  No.  8  B&S  has  been 
employed  for  such  service.  This  of  course  depends  upon 
the  climatic  conditions,  danger  from  high  wind  velocity, 
sleet  and  snow  and  distance  between  towers  or  poles,  amount 
of  allowable  sag,  and  other  considerations.  There  are  un- 
doubtedly cases  where  the  smallest  copper  wire  that  could 
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be  used  from  the  mechanical  standpoint  would  be  much 
heavier  than  would  be  necessary  to  meet  the  required  elec- 
trical conditions  of  reactance  drop  and  carrying  capacity. 
In  such  cases  the  use  of  steel  will  be  found  to  be  economical, 
but  here  again  the  steel  field  is  limited. 

The  third  class  of  service,  that  of  very  high-voltage 
lines,  where  the  question  of  corona  loss  becomes  important 
is  a  field  which  has  not  yet  been  extensively  covered  in  en- 
gineering discussion  due  to  the  fact  that  there  are  few  such 
lines.  There  are  probably  not  more  than  half-a-dozen  such 
lines  in  the  United  States.  Here  again  the  field  of  applica- 
tion must  necessarily  be  limited. 

The  fourth  class  of  usefulness,  that  of  long  span  work 
has  been  more  extensively  discussed.  There  are  some  not- 
able examples  of  long  steel  spans,  and  some  combination 
steel  and  copper  cables  such  as  the  long  span  in  use  by  the 
Mississippi  River  Power  Company  of  Keokuk,  Iowa,  a  discus- 
sion of  which  was  printed  in  the  proceedings  of  the  A.I.E.E. 
for  October,  1914.  It  is  well  to  point  out  that  there  are 
very  few  long  spans  which  can  not  be  made  with  a  reason- 
able factor  of  safety  using  copper  wire,  provided  that  there 
is  a  posisbility  of  allowing  sufficient  sag  in  order  to  some- 
what reduce  the  tensile  strain  on  the  wire.  The  very  slight 
increase  in  the  percentage  sag  and  consequent  increase  of 
the  height  of  towers,  which  may  be  necessary  in  some  cases, 
would  make  it  mandatory  for  the  engineer  to  decide  on  cop- 
per rather  than  steel.  Of  course  in  cases  where  additional 
expense  in  height  of  towers  is  made  necessary  the  increase 
in  the  cost  of  steel  towers  may  more  than  offset  the  advant- 
age to  be  obtained  from  the  use  of  copper  in  the  span. 

In  making  general  calculations  covering  any  particular 
installation,  it  would  be  logical  to  first  assume  that  copper 
would  be  the  natural  metal  to  use  and  steel  the  unnatural, 
due  to  the  fact  that  the  vast  majority  of  all  transmission 
lines,  trolley  lines  and  long  spans  have  in  the  past  been  con- 
structed with  copper  and  generally  for  good  reasons.  The 
percentage  use  of  steel  as  compared  with  the  copper  is  very 
slight  indeed. 
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SCRAP  VALUE  AND  CORROSION 

There  are  two  £:eneral  conditions  which  make  the  use 
of  copper  generally  mandatory,  the  principal  one  of  which 
is  the  ultimate  scrap  value  of  the  material  used.  By  throw- 
ing out  the  consideration  fluctuations,  in  the  cost  of  metals, 
which  is  proper  in  a  theoretical  discussion,  it  may  be  assum- 
ed that  the  scrap  value  of  copper  is  in  the  neighborhood  of 
85-90%  of  the  original  purchase  price.  The  scrap  value  of 
steel  would  probably  be  so  low  as  to  hardly  warrant  con- 
sideration, particularly  if  the  line  in  question  were  a  long 
distance  high  voltage  line  extending  across  wooded  or 
mountainous  districts  where  the  cost  of  salvage  would  be 
exceedingly  high.  The  whole  question  as  to  the  use  of 
copper  is  an  economic  question,  except  for  certain  very  speci- 
al and  rare  cases.  Lines  are  constantly  being  changed  and 
altered  and  the  scrap  value  is  of  great  importance.  It  is  of 
extreme  importance  in  the  case  of  trolley  wire,  which  is 
frequently  replaced  and  even  if  the  copper  troIlt;y  wire  should 
be  reduced  50%  in  cross  section,  the  scrap  value  may  still  be 
40%  or  more  of  the  oroginal  cost. 

The  question  of  corrosion  and  life  of  the  material  is 
intimately  connected  with  the  scrap  value.  This  is  largely 
a  question  of  climate,  although  the  relative  corrosion  of  cop- 
per and  steel  is  probably  about  the  same  in  most  climates. 
It  is  unquestionably  true  that  steel  corrodes  more  rapidly 
than  copper  and  its  life  is  correspondingly  shortened.  In 
long  distance  transmission  lines,  one  of  the  primary  con- 
siderations is  continuity  of  service  and  if  steel  wire  were 
used,  subject  to  fairly  rapid  corrosion,  it  would  necessarily 
be  thrown  out  of  consideration  due  to  possibility  of  breaks 
occurring  at  unexpected  times,  perhaps  many  miles  away 
from  the  nearest  town,  all  of  which  would  be  exceedingly 
expensive  and  require  a  shutdown  of  many  hours  or  even 
days  before  the  trouble  could  be  repaired.  If  copper  lines 
are  properly  strung  and  not  overstrained,  this  danger  would 
be  appreciably  less. 

Bear  in  mind  that  there  are  certain  sections  in  the 
country  where  even  the  hfe  of  copper  wire  is  comparatively 
limited  and  at  best,  lines  have  to  be  restrung  quite  frequent- 
ly. In  certain  locations  on  the  Pacific  Coast  the  life  of  cop- 
per transmission  line  is  but  a  very  few  years  and  in  central 
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Pennsylvania  in  certain  localities,  in  the  coke  regions,  copper 
is  also  attacked  very  rapidly  by  corrosion.  Steel  would  prob- 
ably go  much  faster  than  copper  in  such  localities,  and  since 
the  scrap  value  of  copper  is  so  enormously  greater  than  the 
scrap  value  of  steel,  copper  would  almost  of  necessity  be 
used  under  such  conditions. 

Mr.  Dwight  has  mentioned  the  use  of  copper-clad  steel 
wire  which  is  being  adopted  in  increasingly  larger  fields 
very  rapidly.  It  combines  the  higher  tensile  strength  of 
the  steel,  and  offers  30%  or  40%  conductivity  of  copper  as 
against  approximately  14%  conductivity  which  the  steel 
possesses.  Its  use  has  been  very  extensive  indeed  in  the 
small  size  conductors  and  it  has  given  a  very  satisfactory 
account  of  itself. 

In  discussing  the  commercial  aspect  of  the  case  we  note 
that  Mr.  Dwight  has  stated  that  the  price  of  copper  per  lb. 
may  be  assumed  as  being  ten  times  that  of  galvanized  steel 
cable.  If  the  present  relative  cost  of  copper  and  steel  is  a 
criterion,  this  ratio  is  hardly  a  fair  comparison,  for  copper 
is  in  the  neighborhood  of  30c  per  lb.  and  we  believe  that  base 
size  E.  B.  B.  galvanized  steel  wire  is  over  6.0c  per  lb.,  so  that 
roughly,  copper  would  cost  about  five  times  that  of  steel 
rather  than  ten  times.  Undoubtedly  some  of  the  steel  men 
present  can  comment  on  these  figures. 

Mr.  Dwight  has  very  naturally  and  properly  chosen  ex- 
amples in  which  cases  the  use  of  steel  would  be  more  advis- 
able and  has  very  clearly  shown  in  certain  cases  that  it  is 
worthy  of  careful  consideration.  It  would,  however,  be  un- 
wise to  consider  that  its  use  is  of^ general  application  and  in 
working  out  specific  problems  we  must  in  all  cases  put  both 
metals  on  an  equal  footing,  standing  strictly  on  their  rela- 
tive merits,  commercial  costs,  and  consequent  applicability. 
In  other  words  the  question  is  purely  an  economic  one,  and 
in  the  vast  majority  of  cases,  copper  will  undoubtedly  be 
found  the  least  expensive,  all  things  considered. 

Mr.  Dwight  has  made  an  excellent  presentation  of  this 
subject  and  it  is  worthy  of  very  careful  thought. 

T.  H.  Worcester:  Mr.  Dwight's  paper  gives  valuable 
additional  data  on  the  subject  of  iron  and  steel  electrical 
conductors  and  will  be  of  considerable  assistance  to  engin- 
eers in  designing  circuits  in  which  such  conductors  may  be 
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used.  The  data  which  has  previously  been  available  is  so 
scattered  and  meagre  that  it  has  been  difficult  to  find  in- 
fonnation  on  a  chosen  size  and  quality  iron  wire  or  even 
to  interpolate  between  known  values  on  given  sizes  and 
qualities.  With  the  help  of  Mr.  Dwight's  data  this  will  be 
much  simplified,  since  he  has  given  information  covering  a 
wide  range  in  sizes  of  wires,  in  current  densities  and  in  me- 
thods of  spiraling.  It  is  unfortunate  that  a  greater  range 
in  quality  of  material  is  not  covered  and  moreover  that  the 
principal  quality  considered  is  not  a  duplicate  of  American 
product  so  that  direct  comparisons  might  be  made.  Tests 
on  effective  resistance  which  we  have  made  on  Vi"  %"  and 
Vi"  seven  strand  steel  of  the  Siemens-Martin  grade  corres- 
pond very  closely  to  the  results  shown  in  Figures  3  and  6. 
Our  tests  were  not  made  with  as  high  current  values  as 
those  shown  by  Mr.  Dwight,  so  that  the  drooping  character- 
istics of  the  upper  end  of  the  curves  has  not  been  checked. 
However,  this  droop  in  the  curves  is  what  one  would  expect 
after  the  iron  reaches  saturation  and  the  geenral  character 
of  the  curves  has  been  checked  on  other  grades  and  sizes  of 
wire. 

As  regards  the  internal  reactance  of  iron  cables,  the 
value  of  75%  of  the  a-c.  resistance  for  corresponding  cur- 
rents seems  to  be  high  except  for  conductors  having  diame- 
ters greater  than  V^  inch  or  those  made  of  iron  having  re- 
latively high  permeability.  The  tests  mentioned  above  on 
steel  wire  show  the  reactance  to  be  about  30%  of  the  re- 
sistance for  14"  and  %''  cables  and  50%  for  1/2"  cable. 
However,  this  is  subject  to  such  variation  with  permeability 
and  current  density  that  it  is  very  desirable  to  test  samples 
of  the  conductor  which  it  is  proposed  to  use  if  accurate 
values  are  desired. 

One  of  the  interesting  points  about  iron  wire  conduc- 
tors is  that  the  purer  and  more  costly  grades  of  wire  have 
higher  effective  resistance  and  reactance  on  a-c.  than  the 
cheaper  grades  of  steel  wire,  even  though  the  latter  have 
higher  resistance  on  d-c.  In  considering  this  point,  how- 
ever, it  must  not  be  forgotten  that  the  high  grade  iron  wire 
will  not  deteriorate  as  rapidly  as  steel  wire  after  the  gal- 
vanizing is  once  scaled  off  and  that  in  some  cases  it  may  be 
more  economical. 
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prevents  the  oxidation  of  them.  As  is  known,  a  wrought- 
iron  roof  will  stand  practically  indefinitely  without  rusting. 
Whether  that  is  a  metal  which  could  be  used  as  a  conductor 
or  not,  I  am  not  sure. 

There  is  an  interesting  phase  about  the  use  of  iron  and 
steel  conductors,  in  the  rather  able  presentation  of  the  paper 
and  the  discussion  which  has  been  had  and  has  covered 
most  of  the  points,  that  has  not  been  mentioned,  and  that  is 
its  protective  action  against  high  frequency  disturbance.  A 
patent  has  been  taken  out  by  an  Italian  engineer  for  cover- 
ing copper-clad  conductors  with  a  nickel  covering  of  high 
resistance  so  that  the  action  of  the  high  frequency  current 
in  what  is  known  as  skin  effect,  forcing  the  conductor  to  the 
outside  of  the  duct,  forcing  it  into  a  cylinder  of  very  high 
resistance,  which  absorbs  the  energy  of  surge  and  prevents 
it  from  passing  along  the  line.  Some  such  effect  as  that 
would  be  brought  about  in  high  frequency  disturbances 
which  would  have  to  stay  in  or  on  the  steel,  and  which  would 
be  absorbed  more  readily  than  in  a  conductor  of  lower  speci- 
fic resistance. 

It  is  apparent  that  later  on  this  sub-division  of  conduc- 
tors in  cables,  is  highly  desirable,  and  the  great  pressure 
now  being  put  forth  for  the  use  of  higher  voltages — there 
are  quite  a  number  of  active  propositions  at  present  for 
200,000  volts — is  forcing  the  conductor  up  to  the  limit  of 
corona,  so  that  the  size  of  the  conductor  is  determined  much 
more  by  corona  than  by  the  current  capacity,  and  the  size 
of  the  conductor  will,  for  small  lines,  be  quite  independent 
of  the  load  transmitted.  So,  in  many  special  cases,  the  steel 
conductors  can  be  considered  at  the  present  time,  and  as  has 
been  said,  it  is  a  subject  which  is  worthy  of  careful  scienti- 
fic investigation  and  of  much  more  careful  commercial  study. 

S.  C.  Coey :  I  had  one  question  I  would  like  to  ask  Mr. 
Dwight  on  the  curve  Fig.  1.  I  wonder  if  he  has  any  ex- 
planation to  offer  as  to  why  the  curve  for  the  smaller  sized 
wire  should  have  a  higher  heat  than  for  the  larger  sizes. 
It  apparently  is  while  the  iron  or  steel  is  becoming  saturat- 
ed and  it  would  seem  to  me  you  would  have  about  the  same 
for  different  sizes. 

W.  T.  Snyder:  It  occurred  to  me  in  connection  with 
the  use  of  steel  wire  there  would  necessarily  be  connections 
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and  some  of  the  taps  made  with  copper  wire,  small  copper 
feeders  branching  off.  I  wonder  what  the  electrolytic  ef- 
fect would  be  there,  what  chemical  action  would  take  place, 
if  that  would  result  in  any  undue  harm  ?  I  understand  that 
in  the  case  of  the  use  of  copper-clad  steel,  if  the  copper  en- 
velope is  scratched,  and  the  steel  is  exposed,  that  chemical 
action  is  set  up  between  the  two  elements  and  it  rapidly 
destroys  the  wire.  I  wonder  if  the  same  effect  would  take 
place  at  the  tapping  of  a  copper  wire  onto  a  steel  wire? 
Also,  in  the  case  of  tapping  of  a  steel  wire  onto  another  steel 
wire,  what  is  the  method  of  splicing  to  prevent  holding  water 
and  bringing  about  rapid  corrosion  ? 

David  B.  Rushmore:  It  might  be  possible  that  some 
one  here  would  be  able  to  suggest  a  solution  to  a  point  which 
has  not  up  to  date  been  forthcoming.  There  have  been  put 
into  use,  in  the  past  few  years,  a  number  of  transmision 
lines  of  copper  stranded  cable  with  hemp  centers.  This,  in 
general,  has  been  very  disastrous.  In  the  case  of  one  line, 
which  was  put  in  in  South  America,  a  cable  after  a  period 
of  a  year  or  two  went  all  to  pieces.  There  was  some  action 
which  took  place  between  the  hemp  center  and  the  copper 
adjacent  to  it  which  corroded  the  copper  badly  and  there 
was  evidently  a  chemical  action  which  penetrated  the  cop- 
per for  about  one-quarter  of  the  diameter. 

I  saw  sections  of  the  cable  which  were  sent  north,  and 
in  all  our  efforts  we  were  never  able  to  get  a  satisfactory 
explanation  as  to  what  the  cause  of  the  trouble  was.  The 
use  of  such  copper  cable,  with  hemp  centers,  has,  so  far  as 
I  know,  been  almost  entirely  discontinued. 

The  longest  practical  transmission  line  I  know  of,  is 
one  feeding  into  Los  Angeles,  from  a  point  about  250  miles 
distant  to  the  north,  a  line  of  the  Pacific  Light  &  Power 
Tonu^iuiy,  which  is  operating  at  150,000  volts,  and  it  is  in- 
teresting to  loarn  that  they  are  having  very  little  operating 
tnniblo  with  it.  The  cable  there  consists  of  a  steel  center, 
both  for  strength  and  to  increase  the  diameter  of  the  conduc- 
tor, with  stranded  aluminum  around  and  outside,  and  there 
was  oonsiderabk^  discussion  just  on  the  point  brought  out, 
whether  there  might  not  Ih\  as  the  effect  of  rains  and  mois- 
ture saturating  the  cable,  electrolytic  action  which  would 
tiMul  to  destivy  it.    The  practical  result  of  that  would  prob- 
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ably  appear  within  a  year  or  two,  but  there  is  no  evidence 
up  to  date  to  show  what  it  will  be.  Why  the  cable  with 
the  hemp  center  and  copper  conductors  should  have  gone 
to  pieces  as  it  did,  the  copper  becoming  extremely  brittle 
and  cracking  at  right  angles  to  the  length  oi  the  wire,  has 
never,  so  far  as  I  know,  been  explained. 

H.  B.  Dwight:  In  reply  to  the  question  why  some  of  the 
curves  in  the  paper  have  sharper  peaks  than  others,  I  be- 
lieve this  is  merely  accidental,  depending  on  the  relative 
magnitude  of  the  scales  to  which  the  curves  were  plotted. 

Regarding  the  electrolytic  action  at  a  joint  between  a 
steel  cable  and  a  copper  cable,  it  may  be  necessary  to  protect 
such  joints  from  the  weather,  but  the  action  is  not  to  be 
considered  as  an  objection  to  the  use  of  steel  cables.  In  the 
descriptions  of  practical  operation  referred  to  in  the  paper, 
it  was  stated  that  this  trouble  was  feared,  but  that  no 
trouble  was  experienced. 

Mr.  Doane's  discussion  was  very  interesting  and  has 
added  considerably  to  the  complete  description  of  the  stand- 
ing of  steel  conductors  in  commercial  work  at  the  present 
time.  The  steel  conductors  used  at  present  are  undoubtedly 
a  small  percentage  of  the  copper  conductors  used,  but  this 
ratio  may  be  changed  by  the  high  price  of  copper  and  by  an 
increase  in  the  knowledge  of  the  alternating-current  proper- 
ties of  commercial  steel  cables. 

Mr.  Doane  stated  that  the  ratio  of  cost  of  copper  to  steel 
should  not  be  10  to  1  as  given  in  the  paper,  but  should  be  5 
to  1  as  shown  by  the  price  of  "extra  best"  iron  wire.  It  is 
pointed  out  in  the  paper  that  according  to  the  tests  publish- 
ed in  Germany  and  also  tests  made  by  the  Bureau  of  Stand- 
ards, pure  iron  is  not  the  best  for  alternating-current  work, 
and  there  is  good  hope  that  the  grade  of  steel  most  suitable 
for  power  lines  will  cost  only  one-tenth  as  much  as  copper. 

With  reference  to  the  statement  that  there  are  only  a 
half  dozen  lines  in  America  where  corona  loss  is  important, 
it  is  evident  that  a  pressure  of  150,000  volts  is  referred  to, 
but  it  is  easy  to  show  that  corona  is  of  importance  at  the 
very  common  pressure  of  100,000  volts.  Two  values  of  cor- 
ona limit  of  voltage  are  given  in  the  paper,  namely,  85,000 
volts  for  No.  1  copper  and  76,000  volts  for  No.  2  copper  at 
a  usual  spacing.     Although  such  small  conductors  are  some- 
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times  used  on  100,000-volt  lines,  the  practice  is  probably  not 
economical  or  advisable,  owing  to  the  heavy  corona  losses 
in  bad  weather.  Accordingly,  on  branch  lines  of  100,000- 
volt  systems,  there  is  an  opportunity  for  the  use  of  steel 
cables  which  would  have  lower  conductivity  and  cost  than 
No.  1  copper,  but  would  have  larger  diameter  and  would  be 
free  from  corona  loss. 

Mr.  Worcester  in  his  discussion  emphasized  the  value 
of  curves  similar  to  those  in  the  paper,  but  applying  to 
American  steel  cables.  I  believe  that  in  view  of  the  small 
cost  of  making  the  tests,  it  is  proper  to  urge  that  test  curves 
be  prepared  and  published,  of  several  grades  of  American 
commercial  steel  cables  of  medium  strength  and  cost. 


Preaented  at 

Tenth  Anunal  Convention 

Chicago.  111. 


CONTROL  OF  D-C.  AND  A-C.  MOTORS  AS  APPLIED 

TO  CRANES  \_.y^ 


By  PAUL  CALDWELL 


It  might  safely  be  said  that  cranes  and  kindred  mach- 
ines used  in  the  handling  and  transporting  of  steel  in  its 
various  processes  of  manufacture  constitute  about  one-half 
the  number  of  connected  motors  in  a  modem  steel  plant,  ex- 
clusive of  motors  applied  to  main  roll  drives  which  are  now 
coming  into  universal  use.  There  is  possibly  no  other  in- 
dustry where  these  forms  of  transportation  are  so  extensive- 
ly employed  as  in  the  manufacture  of  iron  and  steel  in  all  its 
varied  products.  It  is  no  wonder  then,  that  the  question 
of  proper  and  suitable  control  for  these  machines  is  one 
which  is  commanding  increased  attention  on  the  part  of  the 
steel  mill  engineer,  who  is  constantly  seeking  to  raise  the 
overall  efficiency  of  his  plant  or  to  increase  tonnage  without 
a  corresponding  increase  of  equipment. 

Rapid  strides  have  been  made  in  the  development  of 
cranes  and  similar  machines  until  we  are  now  able  to  handle 
loads  of  two  hundred  tons  and  upwards  with  the  same  ease 
as  fifty  tons  were  handled  a  few  years  back,  or  even  ten  tons 
in  the  memory  of  a  great  many  present.  This  development 
has  not  been  confined  to  the  crane  as  a  mechanical  unit  but 
extends  to  all  electrical  apparatus  necessary  for  its  opera- 
tion, such  as  motors,  holding  brakes  and  controllers. 

With  the  introduction  of  dynamic  braking  and  the  im- 
provement and  simplification  of  magnetic  control  it  would 
seem  that  we  had  about  reached  the  limit  of  our  resources 
in  that  direction.  We  know,  however,  this  is  not  the  case 
but  there  is  some  question  as  to  whether  the  most  efficient 
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application  is  being  made  of  those  appliances  we  now  have 
available. 

A  crane  may  be  equipped  with  the  best  designed  motor 
obtainable,  but  if  the  control  provided  for  its  operation  is  not 
equally  well  designed  for  the  service  the  result  will  be  a 
corresponding  loss  in  total  efficiency.  The  same  is  true 
where  a  well  designed  controller  is  connected  to  a  poorly  de- 
signed motor.  This  condition  is  even  more  pronounced  in 
the  case  of  hoists  where  the  solenoid  brake,  which  is  a  part 
of  the  control  system,  must  also  be  taken  into  account. 

The  object  of  this  paper  is  two-fold:  First — to  discuss 
the  operation  of  various  types  of  overhead  cranes  and  steel 
handling  machines  from  the  standpoint  of  efficiency  in  con- 
trol and  to  attempt  to  show  how  these  efficiencies  may  be 
raised  by  the  application  of  proper  equipment  and  by  the 
proper  adjustment  of  this  equipment  after  installation.  Sec- 
ond :  To  draw  a  comparison  between  d-c.  and  a-c.  for  crane 
operation  and  endeavor  to  point  out  the  relative  advantages 
of  each  and  the  factors  to  be  considered  in  the  selection  of 
one  system  over  the  other. 

GENERAL  CLASSIFICATION 

With  the  wide  variety  of  crane  application  in  steel  mills 
the  problem  of  efficient  control  resolves  itself  into  an  inde- 
pendent consideration  of  each  individual  crane,  or  at  least 
each  type  of  crane.  This  would  require  unlimited  space,  but 
for  the  purpose  of  this  article  a  comprehensive  understand- 
ing can  be  obtained  by  dividing  the  different  types  of  cranes 
into  four  general  groups  and  discussing  each  group.  These 
groups  would  be  based  on  the  severity  of  service  and  the 
speed  requirements  which  are  the  most  important  factors  to 
be  considered.     The  following  classifications  will  be  used: 

Croup  1 — heavy  duty — high  speed. 
Group  2 — heavy  duty — slow  speed. 
Croup  3 — Hght  duty — high  speed. 
Group  1 — light  duty — slow  speed. 

By  heavy  or  light  duty  is  meant  the  frequency  of  opera- 
tion and  the  continuity  of  service  rather  than  the  capacity 
of  the  crane  or  the  weight  of  a  single  lift.  A  crane  may  be 
larfce  in  capacity  and  make  heavy  lifts  at  every  operation,  as 
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for  example,  some  hot  metal  cranes,  and  yet  be  classified  as 
lifrht  service  from  the  standpoint  of  control. 

By  high  or  slow  speeds  is  meant,  not  so  much  the  ulti- 
mate runing  speeds  as  the  question  of  whether  the  essential 
requirement  is  slow  partial  speed  control,  as  in  case  of  hot 
metal  cranes  or  a  high  ultimate  speed  as  in  case  of  yard 
cranes.  On  this  basis,  and  giving  primary  consideration  to 
the  hoist  motion,  steel  mill  cranes  may  be  divided  into  the 
above  groups  as  follows : 

Group  1 — Loading  cranes,  magnet  cranes,  bucket 
cranes,  soaking  pit  cranes. 

Group  2. — ^Hot  metal  cranes,  Stripper  cranes.  Foundry 
cranes. 

Group  3. — Auxiliary  hoists  (except  open  hearth)  Mill 
cranes  (some  types). 

Group  4. — ^Mill  cranes  for  handling  rolls.  Shop  cranes, 
Power  house  cranes. 

In  order  to  avoid  repetition  and  present  the  subject  in 
the  most  logical  manner,  each  motion  of  the  crane — hoist, 
bridge  and  trolley — will  be  discussed  independently.  Other 
types  of  hoisting  machines,  such  as  open  hearth  chargers  will 
be  taken  up  under  a  separate  heading.  It  is  not  the  inten- 
tion of  the  author  to  discuss  ore  handling  equipment  in  any 
of  its  forms  but  to  confine  the  paper  to  overhead  cranes  and 
steel  handling  machinery. 

DIRECT  CURRENT  CONTROL 

Hoist:  The  hoist  is  the  most  important  motion  of  any 
crane  and  therefore  requires  the  greatest  amount  of  con- 
sideration. There  seems  to  be  a  diversity  of  opinion  among 
mill  engineers  as  to  the  use  of  dynamic  braking,  although 
the  tendency  to  adopt  this  form  of  control  is  becoming'  al- 
most universal.  It  is  the  author's  opinion  that  the  objection 
to  d3mamic  braking,  in  most  cases,  is  due  to  a  lack  of  know- 
ledge of  just  what  "dynamic  braking"  implies  and  for  this 
reason,  I  will  endeavor  to  give  a  detailed  analysis  of  the 
term. 

Dynamic  braking  is  the  utilization  of  the  generator 
characteristics  of  a  motor  for  the  purpose  of  bringing  it  to 
a  quick  stop,  or  in  the  case  of  hoists,  of  limiting  its  speed 
when  lowering  loads  of  sufficient  weight  to  overhaul  the 
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armature.  By  overhauling  the  armature  is  meant  its  ro- 
tation due  to  the  downward  pull  of  the  object  being  lower- 
ed. 

When  a  motor  has  its  fields  excited  and  its  armature 
driven  by  an  external  power,  as  for  example  its  own  momen- 
tum when  suddenly  disconnected  from  the  line,  the  motor 
will  act  as  a  generator.  If  the  terminals  of  its  armature  be 
connected  to  a  rheostat  it  will  hold  back  against  its  propell- 
ing force  due  to  the  generator  load  thus  imposed  and  slow 
down  at  a  rate  proportional  to  this  load,  which  is  inversely 
proportional  to  the  resistance  in  the  generator  circuit. 

Should  this  external  force  be  that  of  a  suspended  weight 
as  in  case  of  a  hoist,  the  motor  will  also  act  as  a  generator. 
The  result  will  not  be  an  actual  slow  down  of  the  armature 
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since  the  propelling  force  is  not  diminishing  in  its  character 
as  in  the  first  instance,  but  there  will  be  a  positive  limita- 
tion of  its  speed.  This  limitation  will  be  dependent  upon 
the  rheostatic  load  impressed  but  will  not  bear  any  direct 
proportion  since  a  suspended  weight  which  will  overhaul  the 
armature  will  always  exert  a  propelling  force  in  excess  of  the 
maximum  retarding  force  obtainable  by  rheostatic  adjust- 
ments. 

The  series  wound  motor  is  not  only  the  most  desirable 
for  hoist  work  on  account  of  its  characteristics  in  providing 
high  torques  for  heavy  loads  and  high  speed  for  light  loads, 
but  it  also  lends  itself  readily  to  dynamic  braking.  To  un- 
derstand what  actually  takes  place  in  the  motor  circuit  when 
dynamic  braking  is  used  for  lowering  we  will  consider  first 
the  simplest  possible  method  of  connections  suitable  for  this 
service.  The  diagram  in  Figure  1,  will  show  the  low- 
ering connection  of  such  a  controller — second  point.  To 
simplify  explanations,  the  various  current  paths  in  this  and 
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similar  diagrams  will  be  referred  to  by  the  terms :  line  cir- 
cuit, field  circuit  and  armature  circuit  as  indicated. 

First,  assume  that  the  light  hook  is  being  lowered  or 
any  load  whose  weight  is  not  sufficient  to  overhaul  the  arm- 
ature. When  the  controller  is  moved  to  the  first  point, 
the  field  and  armature  both  draw  power  from  the  line 
and  the  motor  operates  as  if  it  were  shunt  wound.  The 
speed  of  the  motor  on  this  point  is  limited  by  the  amount  of 
resistance  in  the  armature  and  line  circuit  which  reduces  the 
voltage  at  its  terminals.  As  the  controller  is  moved  over  the 
subsequent  points  the  resistance  is  cut  out  of  the  line  into  the 
field  circuit  in  successive  steps  and  the  motor  accelerates  to 
its  maximum  running  speed. 

Next,  assume  a  condition  where  a  load  sufficiently  heavy 
to  overhaul  the  armature  is  to  be  lowered.  When  the  con- 
troller is  moved  to  the  first  point  the  load  starts  downward 
as  before  with  field  and  armature  both  drawing  power  from 
the  line.  After  the  load  receives  its  initial  acceleration  it 
immediately  begins  overhauling  the  armature  causing  the 
motor  to  act  as  a  generator  and  developing  a  high  counter 
e.m.f.  at  its  terminals.  This  counter  e.m.f.  builds  up  very 
rapidly  with  the  increasing  momentum  of  the  lowering  load 
until  it  exceeds  that  of  the  impressed  e.m.f.  when  a  circulat- 
ing current  is  set  up  in  the  generator  circuit.  This  genera- 
tor action  produces  a  drag  on  the  armature  until  the  counter 
torque  due  to  its  own  generated  current  (dynamic  braking) 
balances  the  torque  exerted  by  the  lowering  load  at  which 
time  the  speed  will  automatically  adjust  itself  to  a  constant 
value. 

The  same  cycle  of  operation  takes  place  for  each  suc- 
ceeding point  on  the  controller  and  the  resultant  speed  in 
each  case  will  be  proportional  to  the  voltage  at  the  armature 
terminals  and  to  resultant  field  strength. 

The  generated  current  above  referred  to  necessarily 
passes  through  the  field  windings  causing  the  armature  to 
supply  part  of  its  own  field  excitation.  The  amount  of  cur- 
rent taken  by  the  field  from  the  line  will  then  be  diminished 
in  proportion  to  the  amount  supplied  by  the  armature.  If 
the  lowering  load  be  sufficiently  heavy,  the  high  resultant 
speed  of  the  armature  may  cause  the  motor  to  generate  a 
back  e.m.f.  in  excess  of  the  line  voltage  plus  the  dro^  ^.c,tq^^ 
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the  armature  resistance  (A-B)  when  power  will  be  returned 
to  the  line. 

While  the  above  described  scheme  of  connections  will 
obtain  successful  and  reliable  dynamic  braking,  it  is  very 
inefficient  from  an  operating  standpoint  and  used  only  to 
illustrate  the  basic  principle.  The  chief  objection  to  this 
scheme  is  the  fact  that  the  lowering  speeds  are  too  low  and 
the  adjustments  in  one  direction  are  limited  by  the  require- 
ments in  the  other.  These  limitations  of  speed  control  can 
be  overcome  by  taking  advantage  of  the  shunt  character- 
istics of  the  motor  when  lowering  and  using  the  field  circuit 
to  secure  part  of  the  desired  speed  regulation. 

The  scheme  of  connections  as  shown  in  Fig- 
ures 2  and  3  has  been  found  to  give  very  satisfactory  opera- 
tion for  cranes  of  small  motor  capacity  (25  to  30  h.p.)  and 
for  all  classes  of  service  except  where  creeping  speeds  are  es- 
sential in  hoisting  light  loads  or  very  high  speeds  are  desir- 
ed in  lowering  light  loads.  These  points  will  be  discussed 
in  a  later  paragraph.  For  motors  of  larger  capacity  the 
same  general  scheme  would  be  applicable  with  additional 
points  on  the  controller. 

The  following  tabulation,  Table  1,  will  give  the  ohmic 
values  for  each  resistance  step  which  have  been  found  by 
test  to  insure  the  most  efficient  operating  speeds  within  the 
safe  limits  of  a  well  designed  motor.  In  order  to  make  this 
tabulation  applicable  to  motors  over  a  wide  range  the  values 
are  given  in  terms  of  percentage  of  normal  full  load  ohms ; 
i.  e.,  the  ohms  which  would  allow  full  load  current  to  flow 
with  full  voltage  impressed  at  standstill.  In  other  words 
100%  ohms  equals  line  voltage  divided  by  full  load  current 
of  the  motor. 

TABLE  NO.  1 


Rheostat 
Divisions 

Per  cent.  Ohms. 

Slow  Speeds           >         High  Speeds 

m 

Rl    —    R2 

16 

30 

R2    —    R3 

16 

51 

1 

R3    —    R4 

40 

45 

R4    —    R5 

34 

34 

R5    —    R6 

25 

25 

R6    —    R7 

17 

17 

r 

A      —    B 

25 

25 
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This  tabulation,  together  with  the  following  speed 
torque  curves  and  data  on  current  values  in  the  different 
circuits  will  assist  in  a  more  definite  understanding  of  ex- 
actly what  takes  place  in  the  motor  during  the  process  of 
lowering  with  dynamic  braking  connections. 

Fig.  4. — Speed  torque  curves — slow  speed. 

Fig.  5. — Speed  torque  curves — high  speed. 

Table  2. — Current  values — slow  speed. 

Table  3. — Current  values — ^high  speed. 

Tables  2  and  3  show  the  current  in  percentages  of  full 
load  which  flow  in  the  armature  and  field  circuits  and  that 
taken  from  the  line  on  all  points  of  the  controller  with  re- 
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TABLE  NO.  2 


1 

9 

108 

117 

0 

117 

117 

-44 

154 

110 

2 

10 

90 

100 

0 

97 

97 

-45 

128 

88 

3 

12 

71 

83 

0 

78 

78 

-48 

104 

56 

4 

11 

80 

91 

1   0 

82 

82 

i  -51 

95 

44 

5 

13 

62 

75 

0 

62 

62 

-61 

69 

8 

6 

13 

62 

75 

0 

62 

62 

-63 

62 

-1 

TABLE  NO.  3. 


2 
3 
4 

5 
6 


13 
14 
16 
14 
16 
16 


60 
53 
44 
52 
46 
46 


i 


«o 
67 
60 
66 
62 
62 
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•  112 
100 
90 
83 
54 
46 


66 
52 
39 
30 
-15 
I     -36 


sistance  values  as  given  under  high  speed,  Table  1.  The 
negative  (-)  sign.  Tables  2  and  3  indicate  current  has  re- 
versed due  to  generator  action. 

Tliose  current  values  are  given  for  three  loads  which 
roprosont  average  operating  conditions.  The  colunms  head- 
tnl  ••10' «  power  torque"  give  the  current  values  when  lower- 
ing** a  li>ilit  liook  on  a  crane  having  a  friction  loss  of  lO^c 
in  tho  lu>ist.  Tho  columns  headed  ••zero  torque"  give  current 
values  whon  lo\vorii\g  a  light  loiid  whose  weight  is  just  suf- 
rlciont  to  i>voroonio  tho  friction  of  the  hoist  but  not  to  over- 
haul I  ho  anualuro.  Tho  columns  headed  "50%  braking 
toniuo'*  >»ivo  curronl  values  when  lowering  a  load  which 
would  ivijuiiv  fu)' ,   ivtarviing  toniue  to  hold  its  speed  to  de- 
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The  most  effective  adjustment  can  be  made  in  steps  (Rl- 
R2)  and  (R2-R3)  which,  it  will  be  noted  from  connection  dia- 
grams, (Figs.  2  and  3),  are  only  in  circuit  when  lowering: 
therefore,  any  change  in  their  ohmic  values  will  only  affect 
the  speeds  in  lowering  direction.  The  effect  of  increasing  re- 
sistance in  these  steps  would  be  to  decrease  to  a  very  slight 
degree  the  lowering  speeds  on  the  first  few  points  but  in- 
crease them  to  a  much  greater  extent  on  the  last  points  and 
particularly  the  final  running  speed.  To  reduce  ohmic  value 
of  these  steps  would  of  course  produce  the  opposite  results. 

Any  adjustment  which  is  made  on  steps  R3-R4,  would 
affect  both  the  lowering  and  hoisting  speeds,  but  the  former 
to  a  much  greater  degree  than  the  latter.  This  can  be  seen 
by  comparing  the  speed  torque  curves  Figs.  4  and  5,  where 
it  will  be  noted  that  the  hoisting  curves  in  both  instances 
are  identical  on  the  last  four  points.  The  only  material  dif- 
ference is  on  the  first  point  and  this  is  so  slight  that  its  ef- 
fect is  not  noticed  in  operation. 

On  the  other  hand  the  lowering  speeds  are  materially 
affected  and  especially  on  the  last  or  high  speed  points  which 
is  where  the  effect  is  most  desired.  As  in  the  case  of  steps 
R1-R2  and  R2-R3,  any  increase  in  the  ohmic  value  of  R3-R4, 
will  also  slightly  decrease  the  lowerling  speeds  on  the  first 
controller  points  and  increase  them  on  the  last  or  hi^h  speed 
points  to  a  greater  amount. 

The  reason  for  the  decrease  of  speeds  on  the  first  con- 
troller points  with  weakened  field  is  due  to  the  voltage  across 
the  armature  being  correspondingly  reduced,  and  the  effect 
of  the  latter  in  decreasing  the  speed  more  than  offsets  the 
effect  of  the  former  to  increase  it.  After  the  con- 
troller passes  the  fourth  point  the  impressed  voltage  on  the 
armature  is  increased  simultaneously  with  the  weakening  of 
the  field,  hence,  the  rapid  increase  of  speeds  from  this  point 
to  the  final  running  point. 

It  is  sometimes  possible  to  make  slight  adjustments  on 
the  resistance  step  A-B  which  is  included  in  the  armature 
circuit  on  all  lowering  points.  Such  adjustments,  however, 
are  to  be  made  with  extreme  care  and  when  the  value  which 
gives  best  results  is  once  determined  further  adjustments 
should  be  avoided.  The  function  of  this  step  of  resistance  is 
solely  to  protect  the  motor  while  lowering  heavy  load^ 
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against  a  complete  short  circuit,  and  also  against  injurious 
sparking  when  controller  is  brought  quickly  from  full  lower- 
ing to  first  or  off-position. 

The  ohmic  value  of  this  resistance  to  afford  proper  pro- 
tection would  be  influenced  largely  by  the  inductance  of  the 
generator  circuit,  which  includes  the  armature,  field  and 
brake  windings.  The  greater  this  inductance  the  less  would 
be  the  resistance  required  and  vice  versa.  To  meet  the  aver- 
age conditions  it  has  been  found  that  a  resistance  having  an 
ohmic  value  of  about  three  times  that  of  the  armature  and 
brush  contacts  will  give  good  results. 

Reducing  the  ohmic  value  of  this  step  would  result  in 
weakening  the  field  and  increasing  the  potential  at  the  arm- 
ature, thereby  increasing  the  speeds  of  the  motor  on  all  posi- 
tive power  points  and  correspondingly  decreasing  them  on 
all  retarding  or  dynamic  braking  points.  This  can  be  seen 
by  referring  to  dotted  curves  marked  (lA)  and  (6A),  Fig- 
ure 4.  These  curves  represent  speeds  on  first  and  last  con- 
troller points  with  all  resistance  values  unchanged  except 
the  step  A-B  which  is  reduced  to  12Yz7c'  It  is  apparent 
that  such  an  adjustment  is  not  of  any  particular  advantage 
since  the  slight  gain  in  speed  obtained  with  light  loads^/is 
off-set  by  the  greater  loss  with  heavy  loads. 

Increasing  the  ohmic  value  of  this  step  would  produce 
the  opposite  results  to  those  outlined  above  and  if  the  in- 
crease be  very  great  the  resultant  high  running  speeds  would 
aJpproach  dangerous  values.  This  is  especially  true  in  case 
of  a  controller  whose  resistance  steps  are  already  laid  out 
for  high  speed  operation. 

It  is  possible  to  secure  much  higher  lowering  speeds 
with  very  light  loads  by  resorting  to  the  well  known  means 
of  shunting  the  field  circuit  on  the  last  point  of  the  controll- 
er. This  will  accomplish  desired  results  where  the  use  of 
the  high  speed  point  is  limited  entirely  to  the  empty  hook 
or  very  light  loads,  as  any  attempt  to  lower  heavy  loads  will 
be  attended  with  considerable  danger,  for  the  following  reas- 
ons: 

First:  The  effective  retarding  torque  of  the  motor 
would  be  greatly  reduced  by  the  low  field  excitation  required 
for  this  higher  speed. 
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Second:  The  increased  armature  current  which  would 
be  necessary  to  retard  a  heavy  load  under  this  condition 
might  develop  sufficient  armature  reaction  to  entirely  over- 
come the  field  excitation  and  actually  cause  the  motor  to  run 
away.  This  condition  would  correspond  to  a  point  on  the 
"knee"  of  the  speed  torque  curve  of  a  shunt  motor. 

Third:  Exceedingly  destructive  commutation  might 
result. 

Fourth :  Dangerous  mechanical  speeds,  both  in  the  mo- 
tor and  gearing  may  be  reached. 

For  special  applications  where  slow  or  creeping  speeds 
are  required,  the  most  effective  methods  to  secure  these  are 
to  shunt  the  armature,  or  the  armature  and  fields,  with  a 
resistance  on  the  first  one  or  two  points  of  the  controller. 
Analyzing  these  two  methods  it  will  be  found  that  by  shunt- 
ing the  armature  only,  better  creeping  speeds  can  be  obtain- 
ed for  given  torque  values,  and  with  a  less  amount  of  cur- 
rent taken  from  the  line.  This  method  has  one  serious  dis- 
advantage in  that  when  the  controller  is  brought  rapidly 
from  full  speed  hoisting  to  first  or  off  position,  severe  dy- 
namic braking  is  produced  which  causes  injurious  sparking 
at  the  commutator  and  mechanical  strains  on  the  equipment. 

By  shunting  both  armature  and  field  there  is  no  genera- 
tor action  when  controller  is  rapidly  brought  from  full  hoist- 
ing to  first  or  off  point  and  consequently  no  sparking  or  me- 
chanical strains.  This  is  because  the  current  generated  by 
the  armature  weakens  the  field  and  no  reverse  currents  can 
flow. 

Care  should  be  exercised  in  adjusting  the  resistances 
on  these  points  particularly  in  connection  with  ladle  or  hot 
metal  cranes,  where  dangerous  heavy  loads  are  to  be  handl- 
ed. For  such  cranes,  where  the  maximum  load  is  limited  to 
a  predetermined  value,  it  is  advisable  to  provide  sufficient 
torque  on  the  first  point  to  at  least  sustain  this  maximum 
toad.  If  this  were  not  done,  a  load  may  be  lifted  to  a  given 
height  and  an  attempt  be  made  to  raise  it  slightly  further 
by  moving  controller  to  first  point  and  result  in  an  actual 
lowering  or  overhauling  which  would  be  attended  with  ex- 
treme danger. 

Where  creeping  speeds  are  essential  with  light  loads,  as 
<in  foundry  practice,  it  is  well  to  caution  the  operator  to  ex- 
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ercise  judgment  and  pass  over  these  points  when  handling 
heavy  loads. 

THE  SOLENOID  BRAKE 

The  solenoid  or  holding  brake  may  be  considered  as  a 
part  of  the  control  of  a  hoist  motor  inasmuch  as  its  circuit 
is  handled  in  the  controller  and  forms  part  of  the  control  wir- 
ing. It  is  an  essential  part  of  the  electrical  equipment  of 
the  crane  and  its  design  and  construction  demand  as  much 
consideration  as  that  of  the  motor  or  controller.  It  is  an 
old  saying  that  a  chain  is  only  as  strong  as  its  weakest  link 
and  this  holds  equally  true  with  a  chain  of  electrical  devices 
operating  as  a  unit. 

The  prime  reason  for  discussing  the  solenoid  brake  in 
this  paper  is  because  of  the  bearing  of  its  coil  winding  on 
the  control  circuits.  For  successful  operation  of  a  dynamic 
braking  controller  the  solenoid  brake  should  be  designed  to 
lift  on  40%  of  normal  full  load  current  of  motor. 

The  reason  for  this  is  because  the  field  current  at  stand- 
still on  the  first  points  of  the  controller  designed  for  high 
speeds  is  only  slightly  above  40%  full  load.  Should  the 
brake  coil  require  more  than  40%  current,  it  would  necessi- 
tate a  corresponding  increase  in  the  field  excitation  to  in- 
sure the  brake  releasing,  which  in  turn  would  reduce  the 
lowering  speeds  on  all  points  of  the  controller. 

DYNAMIC  VERSUS  MECHANICAL  BRAKING 

Before  the  advent  of  dynamic  braking,  mechanical  or 
load  brakes  were  universally  used  as  a  means  of  controlling 
the  lowering  speeds  of  cranes  and  other  forms  of  hoisting 
machinery.  While  there  were  many  different  designs  of 
such  brakes  employed,  they  can  all  be  classed  under  two  gen- 
eral groups,  namely,  hand  or  foot  operated  brakes,  and  load 
brakes  sometimes  referred  to  as  mechanical  brakes. 

The  hand  or  foot  operated  brake  usually  consisted  of  a 
simple  band  wheel  with  its  friction  band  and  some  scheme 
of  mechanical  connection  by  which  the  friction  applied  could 
be  controlled  by  the  operator  through  a  lever  in  the  cab. 
This  lever  could  be  either  hand  or  foot  operated.  With  this 
form  of  brake  the  speed  of  the  lowering  load  would  depend 
entirely  on  the  operator  and  would  attain  a  dangerous  value 
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should  he  reduce  the  pressure  on  the  lever  beyond  a  given 
amount.  In  fact,  should  the  operator  entirely  release  the 
brake  through  carelessness  or  other  cause  the  load  would 
fall  and  possibly  cause  considerable  damage. 

The  load  or  so-called  mechanical  brake  differs  from  the 
hand  brake  in  that  its  application  is  not  under  control  of 
the  operator.  The  action  of  this  brake  is  to  impose  an  ad- 
ditional load  on  the  motor  as  the  descending  weight  increas- 
es in  speed  and  in  this  way  limit  its  final  speed  to  a  safe 
value. 

Since  the  retardation  of  any  descending  load  is  accomp- 
anied by  an  expenditure  of  energy,  the  dissipation  of  this 
energy  must  be  taken  into  account  in  the  design  of  the  brake 
employed.  With  any  form  of  mechanical  brake  this  retard- 
ing energy  must  be  dissipated  in  the  wearing  parts,  princip- 
ally on  the  surfaces  of  friction  contact.  This  results  in  a 
continual  depreciation  of  these  parts  requiring  constant  at- 
tention to  keep  them  in  satisfactory  operating:  condition,  as 
well  as  renewals  at  more  or  less  frequent  intervals. 

With  dynamic  braking  the  energy  thus  expended  in  re- 
tarding lowering  loads  is  converted  into  heat  and  dissipated 
through  the  rheostats  without  frictional  wear  or  deprecia- 
tion in  any  part  of  the  hoist.  There  is,  however,  some 
slight  additional  heating  of  the  armature  and  field  but  it  has 
been  found  by  dctual  experience  that  such  heating  is  not 
sufficient  to  warrant  any  additional  capacity  in  the  motor 
over  that  required  with  mechanical  brakes. 

In  summarizing  it  might  be  claimed  that  dynamic  brak- 
ing possesses  the  following  advantages  over  mechanical 
braking : 

FIRST:  The  initial  cost  is  represented  by  a  small  dif- 
ference in  the  controller  and  rheostat  which  amounts  to 
much  less  than  the  cost  of  any  good  mechanical  brake. 

SECOND:  The  cost  of  depreciation  and  up-keep  is 
practically  negligible  while  that  of  a  mechanical  brake  is  al- 
ways a  factor  in  crane  maintenance. 

THIRD:  The  wear  and  tear  on  the  holding  brake  is 
reduced  to  a  minimum  as  the  motor  is  practically  brought 
to  rest  before  this  brake  takes  hold.  Where  mechanical 
brakes  are  used  the  holding  brake  is  subjected  to  severe 
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shocks  and  does  most  of  the  work  in  bringing  the  motor  to 
a  stop. 

FOURTH :  It  is  more  reliable  than  mechanical  braking 
and  can  only  fail  by  a  break  in  some  part  of  the  armature 
circuit,  and  such  a  break  would  have  to  occur  while  lowering, 
otherwise  the  motor  could  not  have  been  started.  A  me- 
chanical brake,  on  the  other  hand,  may  become  defective 
without  the  operator  knowing  it  and  fail  at  a  critical  time 
with  considerable  resultant  damage. 

FIFTH:  With  dynamic  braking  no  further  adjust- 
ments are  necessary  after  the  rheostats  have  once  been  ad- 
justed to  meet  the  load  conditions  of  the  crane.  The  maxi- 
mum possible  speed  on  all  points  with  any  given  load  can  be 
accurately  determined  and  there  is  no  danger  of  these  val- 
ues being  exceeded.  With  a  mechanical  brake,  the  maximum 
speed  values  depend  entirely  on  the  adjustment  of  the  brake 
tension  and  this  must  be  constantly  corrected  for  wear, 
otherwise  the  speed  would  gradually  increase  until  it  attain- 
ed a  dangerous  value. 

To  partially  off -set  the  above  there  is  at  least  one  point 
in  favor  of  mechanical  over  dynamic  braking.  That  is,  the 
motor  is  always  operated  as  a  series  motor  and  in  the  lower- 
ing direction  retains  the  advantages  of  its  characteristics 
in  providing  high  speeds  with  light  loads  or  empty  hook. 
These  speeds  are  secured  without  the  element  of  danger 
such  as  already  pointed  out  in  connection  with  dynamic 
braking  where  the  field  must  be  shunted  to  secure  equival- 
ent results. 

Bridge  and  Trolley :  The  bridge  and  trolley  motions  of 
a  crane  present  entirely  different  problems  than  that  of  the 
hoist  and  can  be  successfully  operated  by  a  simple  reversing 
form  of  controller.  Such  a  controller  should  provide  neces- 
sary contacts  for  reversing  the  armature  and  sufficient  re- 
sistance points  to  insure  a  smooth  uniform  acceleration  with- 
out excessive  current  peaks. 

The  minimum  number  of  speed  control  points  would  de- 
pend upon  the  size  of  the  motor  used  and  also  upon  several 
other  factors  which  will  be  discussed  under  magnetic  con- 
trol. 

There  should  be  at  least  one  point  for  plugging,  that  is, 
for  limiting  the  current  when  reversing  at  high  speeds.    In 
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order  to  accomplish  this  the  rheostat  must  be  provided  with 
additional  ohms  on  the  first  step  and  the  amount  would  vary 
from  10  to  50%  above  that  required  to  start  the  motor,  de- 
pending: on  its  rating  and  frequency  of  operation. 

MANUAL  VERSUS  MAGNETIC  CONTROL 

In  discussing  the  relative  merits  of  manual  and  mag- 
netic control,  there  are  a  number  of  factors  to  be  taken  into 
consideration,  some  of  which  apply  to  all  motions  of  the 
crane,  while  others  are  peculiar  to  each  individual  drive. 
Insofar  as  speed  values  are  concerned,  neither  type  has  any 
advantage  over  the  other,  for  it  is  possible  and  practicable 
to  secure  equally  good  results  with  manual  control  as  with 
magnetic  for  any  motion  or  class  of  service.  As  a  rule  a 
manual  controller  provides  a  greater  number  of  accelerat- 
ing points  but  this  is  no  particular  advantage  except  to  in- 
troduce a  greater  time  element  between  the  off  and  full  run- 
ning positions  and  in  this  way  reduce  the  high  peaks  incur- 
red by  rapid  operation. 

The  elimination  of  the  personal  element  of  the  operator 
by  automitically  limiting  to  a  safe  value  the  accelerating 
peaks  as  well  as  the  high  peaks  when  plugging,  is  the  prime 
factor  in  favor  of  magnetic  control  with  automatic  accelera- 
tion. This  also  results  in  a  considerable  saving  in  wear  and 
tear,  not  only  on  the  motor  and  controller,  but  the  gears  and 
other  moving  parts. 

The  advantages  gained  by  using  magnetic  control  will 
be  commensurate  with  the  severity  of  the  service,  rather 
than  the  capacity  of  the  crane  or  the  weight  of  loads  to  be 
handled.  They  are  also  influenced  by  the  class  of  help  em- 
ployed or  in  other  words,  the  intellig-ence  of  the  operators. 
For  example,  magnet  or  yard  cranes  which  are  in  practic- 
ally constant  service  and  on  which  the  operators  are  usually 
unskilled  men,  represent  the  worst  condition  to  be  met  and 
magnetic  control  is  the  logical  thing  to  use.  On  the  other 
hand  hot  metal  and  foundry  cranes  which  are  less  frequent- 
ly in  service  and  for  which  work  operators  of  higher  intellig- 
ence are  employed,  can  be  satisfactorily  controlled  with 
manual  controllers,  up  to  certain  ca»pacities. 

The  question  of  capacities  is  a  limiting  factor  in  manu- 
al control  since  it  is  not  practical  to  build  such  equipment 
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in  capacities  above  100  h.p.  for  220  volts,  which  voltage  is 
standard  for  mill  work.  Such  controllers  would  necessarily 
be  large  and  cumbersome  and  require  too  much  effort  to 
operate  them.  This  leaves  no  alternative  but  magnetic  con- 
trol for  motors  above  100  h.p. 

In  considering  magnetic  control  with  automatic  acceler- 
ation we  are  again  confronted  with  a  choice  of  two  distinct 
types,  each  possessing  its  own  peculiar  merit.  One  of  these 
types  employs  shunt  wound  or  voltage  contactors  with  in- 
dividual series  relays  while  the  other  employs  the  well 
known  and  later  design  of  series  wound  contactors.  In  gen- 
eral, the  advantages  of  the  latter  are  few  as  compared  with 
the  former  and  consist  principally  of  simplicity  in  design  and 
construction  and  the  elimination  of  fine  wiring  and  intricate 
interlocking  circuits. 

The  principal  advantages  of  the  shunt  contactor  type  of 
control  are : 

First  and  most  important ;  it  is  adapted  to  applications 
where  reduced  speeds  are  desired  and  this  is  a  necessary 
feature  in  most  crane  operations. 

Second ;  it  permits  the  operator  to  retard  the  accelera- 
tion of  the  motor,  should  it  tend  to  be  too  fast  for  any  par- 
ticular work,  by  simply  stopping  the  controller  on  the  vari- 
ous points  while  coming  up  to  speed. 

The  relative  merits  of  each  can  be  better  understood  by 
considering  the  influencing  factors  peculiar  to  each  motion 
of  the  crane. 

Hoist:  For  the  hoist  motion,  shunt  contactor  type  of 
control  is  the  only  one  which  will  give  satisfactory  results, 
irrespective  of  whether  mechanical  or  dynamic  braking  is 
used.     The  deciding  factors  in  favor  of  this  typ?  control  are: 

First :  it  is  essential  to  provide  partial  speed  control  in 
hoisting  or  lowering  loads  even  though  it  is  not  at  all  times 
required.  Second ;  where  dynamic  braking  is  used,  the  cir- 
cuits must  be  positively  interlocked  and  this  can  only  be  done 
with  shunt  contactors  and  individual  relays.  Third;  with 
series  contactor  control,  adjusted  for  satisfactory  accelera- 
tion when  hoisting  licavy  loads,  the  rate  of  accelerating 
when  lowering  would  be  so  fast  as  to  injure  the  motor  or 
blow  the  breaker  with  every  operation.  With  shunt  con- 
tactors and  partial  speed  control  the  acceleration  could  be 
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held  to  a  safe  value  by  the  operator,  being  entirely  within 
his  control. 

When  dynamic  braking  is  not  used,  a  simple  form  of  re- 
versing controller  with  sufficient  accelerating  and  control 
points,  depending  on  the  size  of  motor  and  delicacy  of  speeds 
required,  will  give  satisfactory  operation.  With  this  form 
of  control  the  light  lowering  speeds  are  inherently  high  en- 
ough without  resorting  to  any  shunted  circuit  around  the 
field  to  increase  them.  Slow  and  creeping  speeds  can  be  se- 
cured in  a  manner  already  described  by  either  shunting  the 
armature  or  both  the  field  and  armature. 

When  dynamic  braking  is  used,  other  factors  enter  into 
consideration  if  the  personal  element  of  the  operator  is  to  be 
eb'minated  and  the  controller  made  to  give  complete  protec- 
tion to  the  motor.  A  controller  to  do  this  must  automatic- 
ally govern  the  performance  of  the  motor  in  three  of  its  four 
principal  operations,  namely ;  accelerating  in  hoisting  direc- 
tion, accelerating,  in  lowering  direction  and  istopping  or  decel- 
erating when  lowering.  Automatic  acceleration  in  either  dir- 
ection of  rotation  is  the  first  requisite  of  a  magnetic  control- 
ler and  is  a  feature  involved  in  straight  reverse  controllers  as 
well  as  those  designed  for  dynamic  braking. 

With  proper  adjustment,  automatic  acceleration  pro- 
tects the  motor  and  equipment  against  abuse  by  the  opera- 
tor in  starting  too  rapidly  in  either  direction  by  holdin;?  the 
current  peaks  to  safe  values.  It  does  not,  however,  affora 
any  protection  to  the  motor  against  too  rapid  movement  of 
the  controller  from  the  full  lowering  to  off-position  in  bring- 
ing a  load  to  rest.  Such  protection  can  only  be  secured  with 
the  provision  of  separate  and  distinct  relays  or  other  limit- 
ing devices  by  which  the  reverse  operation  of  the  contactors 
can  be  positively  and  automatically  controlled  in  their  proper 
sequence. 

The  necessity  for  such  protection  can  readily  be  under- 
stood by  a  brief  consideration  of  what  takes  place  under 
such  operation  and  the  resultant  effect  on  the  motor.  As 
previously  pointed  out  a  well  designed  controller  adjusted  to 
drive  the  motor  downward  at  125  to  150  per  cent,  full  load 
speed,  with  empty  hook,  will  permit  its  full  rated  load  to  low- 
er at  a  speed  of  175  to  215  per  cent,  normal.  Assume  such 
a  hoist  to  be  lowering  its  full  rated  load  at  a  speed  of  190 
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per  cent,  which  represents  an  average  condition.  The  field 
excitation  must  be  reduced  to  approximately  one-half  to 
meet  this  condition  and  at  the  same  time  the  counter  e.m.f. 
generated  by  the  armature  may  equal  that  of  the  impressed 
voltage.  In  moving  the  controller  rapidly  to  the  off-position 
the  resistance  is  cut  out  of  the  generator  circuit  at  a  rate 
greatly  in  excess  of  that  at  which  the  speed  of  the  armature 
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Fig.  6 


falls  oil',  thus  imposing  a  heavy  rheostatic  load  on  the  ma- 
chine while  its  generated  voltage  is  still  high.  The  field  of 
the  machine  immediately  builds  up  and  reaches  its  maxi- 
mum excitation  when  the  line  circuit  is  broken  and  the  ex- 
cess current  generated,  which  would  normally  be  returned 
to  the  line,  is  forced  through  the  field  windings. 

Since  the  inductive  effect  of  a  series  field  is  very  small, 
lis  excitation  increases  very  rapidly  causing  the  generated 
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voltage  to  correspondingly  increase  even  though  the  arma- 
ture is  actually  slowing  down.  It  is  quite  possible  and  not 
unusual  for  this  generated  voltage  to  exceed  200%  normal 
impressed  voltage  and  result  in  extremely  injurious  commu- 
tation as  well  as  excessively  high  currents  through  the  mo- 
tor windings. 

A  controller  designed  to  overcome  this  difficulty  by 
automatically  governing  the  deceleration  of  the  motor  when 
lowering  has  been  installed  in  the  plant  of  the  Youngstown 
Sheet  &  Tube  Company  and  the  author  has  made  a  series 
of  tests,  the  results  of  which  will  serve  to  graphically  illus- 
trate the  advantages  of  this  feature. 

The  schematic  connections  of  the  controller  are  as 
show  in  Fig.  6,  and  from  accompanying  tabulations  of  con- 
troller points  the  sequence  of  operation  of  the  various  con- 
tactors can  be  followed.  This  controller  was  desio^ned  to 
provide  one  creeping  and  one  slow  speed  point  in  the  hoist- 
ing direction  by  shunting  both  field  and  armature.  This 
eliminates  injurious  sparking  when  coming  to  a  rapid  stop 
from  the  hoist  position  as  previously  described.  In  addition 
the  panel  is  provided  with  a  gravity  closed  contactor  (No.  10 
on  diagram)  which  serves  to  establish  a  dynamic  braking 
circuit  in  case  of  failure  of  voltage  and  holds  the  speed  of  the 
descending  load  to  a  safe  value. 

Automatic  acceleration  in  hoisting  is  obtained  by  a 
counter  e.m.f.  relay,  not  shown  in  diagram,  which  controls 
the  closing  of  contactor  No.  6  and  by  a  series  relay  on  the 
latter  which  controls  the  closing  of  contactor  No.  5. 

Automatic  acceleration  lowering  is  obtained  in  the  same 
manner  and  by  means  of  the  same  relays  as  in  hoisting. 

Automatic  deceleration  in  returning  controller  quickly 
from  full  lowering  to  off  position  is  obtained  by  series  re- 
lays on  contactors,  8,  9  and  6,  which  control  the  closing  of 
contactors  9,  6  and  5  respectively  in  the  order  named. 

From  the  diagram  it  will  be  noted  that  contactors  8  and 
9  do  not  operate  when  hoisting,  while  in  aceclerating  down- 
ward they  open  but  do  not  close.  Their  respective  series 
relays,  therefore,  do  not  enter  into  either  of  these  operations 
which  makes  it  possible  to  adjust  the  rate  of  deceleration  in- 
dependently of  any  other  function  of  the  controller.  Furth- 
ermore, the  two  steps  of  resistance  controlled  by  these  con- 
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tactors  can  be  utilized  for  a  justing  the  speeds  in  the  lower- 
ing direction  without  affecting  the  hoisting  speeds. 

The  controller  in  question  is  operating  a  50  h.p.,  220 
volt,  500  r.p.m.  series  wound  motor,  geared  to  a  double  drum 
hoist  having  one  hook  suspended  from  either  drum.  The 
capacity  of  the  crane  is  15  tons  and  the  full  load  hoistin? 
speed  38  feet  per  minute. 

The  motor  was  tested  under  the  following  conditions  of 
load,  namely:  with  empty  hook;  with  a  suspended  load  of 
5.6  tons  or  about  37 9^  full  load;  and  with  a  suspended  load 
of  16  tons  or  about  l^/(  overload.  Simultaneous  readings 
were  taken  for  each  point  on  the  controller  of : 

A I  —  current  taken  from  the  line. 
Af  —  current  flowing  in  armature  circuit. 
A,,  —  current  flowing  in  field  circuit. 
V,  —  volts  across  armature  terminals. 
R.p.m.  —  speed  of  motor. 
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1 
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- 
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Ai 
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Va  RPM 
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Aa 

Af     " 

Va    RPM 

98 
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TABLE  4     LOAD 
0             1 

16  TONS 

-   

126 

171 

115 

286 

54 

155 

137 

141 

-58 

l-A 

820 

250 

32        0 

2 

172 

-115 

287 

78 

220 

215 

215 

90     158 

3 

170 

-120 

290 

116 

330 

215 

215 

160     160 

4 

75 

-145 

220 

258 

790 

215 

215 

200     485 
TABLE 

5 
5     LOAD 

-62     -178     116 
5.6  TONS 

292 

1080 

119 

90 

4         0 

1 

185 

-25 

210 

26 

~65 

259 

110 

62     183 

2 

172 

-20 

192 

26 

70 

108 

108 

160     495 

3 

165 

-17 

182 

29 

80 

108 

108 

194     612 

4 

110 

-20 

130 

106 

310 

107 

107 

218     705 

5 

52 

-60 

112 

246 

855 

57 

TABLE  6     EMPTY  HOOK 
24       80             1             187        28 

159 

115 

4 

25 

235 

53 

47     460 

180 

22 

158 

2 

20 

53 

53 

196  1080 

3 

174 

14 

160 

2 

0 

53 

53 

216  1160 

4 

134 

48 

86 

10 

150 

52 

52 

224  1230 

5 

115 

7 

108 

110 

775 
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The  above  tabulations,  Tables  4,  5  and  6,  give  complete 
dat^  for  each  test  as  indicated. 

The  following  points  are  of  particular  interest : 

First — the  lowering  speed  with  light  hook  was  155% 
full  load  hoisting  speed. 

Second — ^The  maximum  current  flowing  through  the 
motor  windings  on  any  controller  point  regardless  of  load  did 


Fir.  7 


Fig    H 

not  exceed  67%  above  full  rated  current  (exclusive  of  mo- 
mentary peaks.) 

Third — ^When  lowering  TTP  overload  the  speed  of  the 
motor  was  216%  rated  full  load  speed  which  is  equivalent 
to  only  200%  with  normal  load. 

Fourth — ^That  there  was  an  actual  return  to  the  line  of 
62  amperes  when  lowering  7^r  overload  at  maximum  speed. 

Fifth— Referring  to  Table  4,  it  will  be  noted  that  two 
complete  readings  are  given  for  the  first  point  hoisting.    The 
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first  readings  were  taken  when  attempting  to  raise  the  load 
from  the  ground,  while  the  second  was  taken  after  the  load 
was  in  suspense  and  controller  moved  to  first  point.  The 
negative  reading  in  the  speed  column  indicates  that  the  load 
actually  lowered  under  this  condition,  due  to  the  torque  on 
this  point  being  too  low  to  sustain  it.  This  difficulty  can 
•readily  be  corrected  by  a  slight  adjustment  in  the  shunted 
resistance  circuit. 

Sixth — ^The  zero  speed  readings  on  points  2  and  3  low- 
ering, Table  6,  are  due  to  the  low  torque  which  is  required 
in  order  to  hold  the  speeds  on  these  points  to  slow  values 
when  handling  heavy  loads.  A  comparison  of  the  speeds 
under  loaded  conditions  will  show  how  they  adjust  them- 
selves to  uniform  values. 

In  order  to  show  the  automatic  features  of  the  controll- 
er, graphic  ammeter  curves  were  taken  and  these  are  repro- 
duced in  Figs  7  and  8,  for  conditions  of  load  corresponding 
to  the  tabulated  readings,  Tables  4  and  5.  In  both  curves, 
the  meter  was  connected  in  the  armature  circuit. 

Fig.  7,  from  right  to  left  shows :  First,  automatic  ac- 
celeration hoisting:  Second,  automatic  acceleration  lower- 
ing ;  Third,  automatic  deceleration  in  bringing  the  control- 
ler from  the  full  lowering  to  off  positions  with  one  quick 
movement.  The  maximum  peak  under  this  latter  condition 
was  375  amperes  while  the  voltage  across  the  armature  at- 
tained a  maximum  value  of  360. 

Fig.  8,  from  right  to  left  shows:  First,  automatic  ac- 
celeration lowering;  Second,  automatic  deceleration  in 
bringing  controller  from  full  lowering  to  off  position  in  one 
quick  movement ;  Third,  deceleration  under  same  conditions 
with  automatic  feature  eliminated.  A  comparison  of  these 
last  two  sections  of  the  curve  will  show  that  where  the  mo- 
tor is  stopped  without  automatic  protection  the  peak  current 
attains  a  value  of  70  ^f  higher  than  where  such  protection  is 
provided. 

Assuming  that  the  same  ratio  would  hold  with  heavier 
loads,  the  resultant  peaks  with  16  tons  would  have  reached 
a  value  of  637  amperes,  or  335  9r  normal  load.  As  the  in- 
jurious effect  of  such  a  high  current  was  apparent,  no  test 
was  made  to  show  comparative  results  as  in  case  of  lighter 
load. 
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Bridge:  In  selecting  magnetic  control  for  the  bridg3 
motion  there  are  three  things  to  be  decided : 

First :  Is  plugging  used  to  stop  the  motor  or  is  the  mo- 
tor always  stopped  by  manually  operated  brakes  ? 

Second :     How  many  accelerating  points  are  required  ? 

Third:  How  many  partial  speed  or  hand  controlled 
points  are  required  ? 

On  the  bridge  of  most  cranes,  a  foot  operated  mechanic- 
al brake  is  provided  to  bring  the  crane  to  a  complete  stop 
after  power  is  thrown  off  the  motor.  However,  it  frequent- 
ly happens  that  the  operator  wants  to  make  a  quick  stop 
when  he  inevitably  reverses  the  motor  and  "plugs"  it.  For 
this,  reason  it  is  becoming  universal  practice  to  provide 
against  the  abuse  of  the  motor  under  such  conditions  by  add- 
ing a  plugging  point  to  the  controller.  The  addition  of  this 
feature  means  the  addition  of  an  extra  step  of  high  resist- 
ance and  one  contactor  which  is  of  no  service  except  when 
the  motor  is  "plugged." 

The  number  of  automatic  accelerating  points  which  are 
required  depends  upon  the  size  of  the  motor,  its  commutat- 
ing  ability  and  the  danger  of  slipping  the  wheels.  A  suffi- 
cient number  of  points  should  be  provided  to  satisfy  all  of 
these  requirements.  It  is  not  advisable  to  use  less  than 
three  points  acceleration  or  two  steps  of  resistance  (in  addi- 
tion to  plugging  point)  as  this  would  allow  an  average  inrush 
of  about  140%  current  with  peaks  as  high  as  220%.  Such 
high  peaks  might  overload  the  motor  if  the  service  is  severe 
and  may  also  cause  the  wheels  to  slip. 

With  the  use  of  three  steps  of  resistance  or  four  points 
acceleration,  these  peaks  would  be  reduced  to  about  190%, 
while  with  five  points  acceleration  the  peaks  would  be  reduc- 
ed to  160%  maximum  which  is  safe  for  any  crane  motor  or 
condition  of  load. 

The  number  of  hand  control  points  to  be  used  depends 
on: 

First:  The  condition  of  the  track,  whether  wet,  dry, 
dirty  or  oily. 

Second:     The  delicacy  of  control  required  for  the  work. 

Third:  External  loads  to  be  dragged  around,  such  as 
cars,  etc. 
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Fourth:  Such  conditions  as  windage,  on  outside  or 
gantry  cranes. 

Fifth :  Variable  grades  on  the  track  or  binding  of  the 
wheel  flanges. 

Sixth :     Final  free  running  speed. 

Seventh :    Variation  in  loads  handled. 

With  the  advent  of  the  series  contactors,  there  was  a 
strong  tendency  to  adopt  single  speed  control  for  all  bridge 
operations  irrespective  of  speeds  or  of  any  factors  above  re- 
ferred to.  Experience  has  proven,  however,  that  this  tjrpe 
of  control  has  its  limitations  and  while  there  are  many  suc- 
cessful applications,  the  chance  of  failure  is  too  great  for  its 
general  adoption. 

It  is  difficult  to  make  any  hard  and  fast  rule  by  which 
the  selection  of  the  proper  number  of  hand  control  points 
can  be  made  to  the  best  advantage  but  the  following  sug- 
gestion is  offered  as  a  guide : 

Under  the  most  favorable  conditions  involving  perfectly 
good  track,  no  delicate  operations  to  be  performed,  no  ex- 
ternal loads  to  be  dragged  or  windage  to  contend  with  and  a 
final  free  running  speed,  not  over  75  to  100  feet  per  minute, 
an  automatic  controller  with  series  contactors  and  one  speed 
point  in  either  direction  should  give  successful  operation. 

With  these  same  favorable  conditions  and  a  final  free 
running  speed  up  to  300  feet  per  minute,  an  automatic  con- 
troller having  two  control  points  in  either  direction  should 
give  successful  operation. 

Should  the  condition  of  the  track  be  unfavorable  an  ad- 
ditional control  point  should  be  added  to  compensate  for 
this,  using  two  points  for  slow  speeds  and  three  points  for 
high  speed. 

Should  the  delicacy  of  the  work  require  slow  partial 
si>eod  control  additional  points  should  be  added  to  suit  the 
conditions  to  be  met. 

The  practice  of  dragging  loads  as  well  as  windage,  are 
t;u*ti>rs  iliiruult  to  overcome  with  magnetic  control  having 
autoiuatie  aeeeleration.  Adjustments  which  would  give  suc- 
ressful  liperaliiMi  uiuler  norm:i]  conditions  of  load,  would 
I  aust*  rt^lays  lo  look  out  aiul  prevent  acceleration  with  a  drag- 
>»iii>»-  load.    There  are  t\vv>  ways  to  meet  such  conditions: 
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First:  To  provide  several  points  hand  control  and  set 
the  accelerating  relays  at  a  high  value  to  meet  the  maximum 
load  imposed  and  trust  the  operator  to  hold  the  acceleration 
to  a  safe  value  under  light  loads. 

Second:  To  eliminate  automatic  acceleration  altogeth- 
er and  simply  use  contactors  properly  interlocked  so  that 
only  one  step  of  resistance  is  cut  out  at  a  time. 

The  first  method  is  probably  the  better,  as  it  would  at 
least  hold  the  peaks  to  a  safer  maximum  value. 

Eliminating  windage  and  drag  loads,  which  are  abnorm- 
al conditions,  a  magnetic  controller  with  five  hand  controlled 
points  and  automatic  acceleration  will  successfully  operate 
the  bridge  motion  of  the  majority  of  steel  mill  cranes  under 
all  conditions;  such  a  controller  would  be  adjusted  to  produce 
the  following  results: 

On  first  point — light  torque  to  move  crane  without  load. 

On  second  point — sufficient  torque  to  barely  start  motor 
with  heaviest  suspended  load. 

On  third  point — sl  torque  just  below  that  required  to 
slip  the  wheels  with  wet  track. 

On  fourth  point — a  torque  just  below  that  required  to 
slip  the  wheels  with  dry  track. 

On  fifth  point — to  bring  motor  to  full  speed. 

Trolley:  The  problems  to  be  considered  in  the  con- 
trol of  a  trolley  are  much  the  same  as  those  described  for 
the  bridge. 

With  the  trolley  the  foot  operated  mechanical  brake  is 
seldom  if  ever  used  and  plugging  must  be  resorted  to  for 
making  quick  and  accurate  stops.  The  addition  of  this  fea- 
ture requires  an  extra  contactor  and  resistance  step  the  same 
as  for  the  bridge. 

The  automatic  accelerating  points  would  be  determined 
on  the  same  basis  as  for  the  bridge  but  will  usually  be  less 
in  number  as  the  size  of  the  motors  are  smaller  and  operat- 
ing speed  lower. 

The  principal  features  to  consider  in  the  selection  of  pro- 
per number  of  hand  controlled  points,  are,  condition  of  track, 
delicacy  of  operation,  final  free  running  speed,  total  length 
of  travel,  number  of  trolleys  on  same  track  and  variation  of 
loads  handled. 
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When  there  are  two  trolleys  on  one  bridge  or  where  th3 
span  of  the  crane  is  short,  it  is  advisable  to  use  at  least  two 
hand  controlled  points  and  possibly  three,  with  other  con- 
ditions favorable. 

On  a  single  trolley  crane  with  a  span  of  about  60  feet 
or  more,  and  where  all  other  conditions  are  favorable,  such 
as  good  track  and  no  delicate  work  to  perform,  a  single  speed 
controller  with  series  contactors  should  operate  successfully, 
providing  the  final  running  speed  does  not  exceed  75  feet  per 
minute.  For  higher  speeds  an  additional  point  should  be 
used. 

When  the  condition  of  the  track  is  apt  to  be  slippery  or 
where  delicate  control  is  required,  it  is  essential  to  have 
three  or  more  hand  control  points.  Taking  all  factors  into 
consideration  a  magnetic  control  with  four  (4)  accelerating 
points  all  of  which  are  hand  controlled,  should  successfully 
operate  the  trolley  of  any  mill  crane. 

CHARGING  MACHINES 

Under  this  heading  would  come  open  hearth  charging 
machines  and  slab  charging  machines.  These  machines 
have  many  things  in  common  with  cranes,  but  are  sufficient- 
ly different  to  require  independent  consideration.  Each  has 
its  own  peculiar  problems  and  therefore  will  be  discussed 
separately. 

Open  Hearth:  This  machine  is  probably  the  hardest 
worked  of  any  similar  machine  or  crane  in  a  mill  and  one  of 
the  most  difficult  to  satisfactorily  control,  at  least  with  any 
degree  of  protection  at  the  motors  and  mechanical  moving 
parts.  This  is  due  to  the  extreme  variations  in  load  con- 
ditions on  practically  all  motions. 

Unlike  the  crane,  the  hoist  motion  is  the  least  to  be  con- 
sidered, as  tho  operation  is  not  a  straight  lift  but  is  more  of 
a  tilting  motion  and  is  obtained  by  means  of  a  crank  shaft 
geared  to  tho  motor.  There  are  no  abnormal  conditions  to 
meet  as  in  case  of  the  other  motions  which  makes  it  com- 
paratively simple  ti>  control. 

KithiM'  a  manual  or  ma,rnetic  controller  can  be  applied, 

hut  owing  to  tho  sovoro  service  the  latter  is  preferable.    This 

be  of  either  the  ^hunt  or  series  contactor  tvoe  as  the 
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travel  is  very  short  and  the  operation  essentially  one  of  fre- 
quent starting  and  stopping,  therefore  not  requiring  any 
partial  speed  control. 

The  bridge  motion  presents  the  hardest  problem,  in  that 
it  is  continually  required  to  drag  loads  ranging  from  one 
charging  car  to  a  train  of  15  or  20  cars.  These  dragging 
loads  are  frequently  above  the  rated  overload  capacity  of  the 
motor  but  must  be  handled  when  occasion  demands.  This 
operation  can  be  successfully  performed  with  manual  control 
but  the  service  is  so  severe  as  to  make  it  undesirable. 

There  is  no  question  about  the  superiority  of  magnetic 
control  as  it  is  the  only  type  which  will  satisfactorily  stand 
up  to  the  work,  but  there  is  some  doubt  as  to  the  use  of  auto- 
matic acceleration  in  conjunction  with  it.  Automatic  accel- 
eration can  only  be  made  to  operate  under  all  conditions  of 
load  by  adjusting  the  relays  to  meet  the  maximum  value 
which  would  in  turn  sacrifice  most  of  the  protection  which 
this  feature  is  intended  to  provide.  The  only  other  alterna- 
tive would  be  to  entirely  eliminate  the  accelerating  relays 
and  simply  operate  the  equipment  on  the  basis  of  manual 
control.  As  half  a  loaf  is  better  than  none  at  all,  the  former 
scheme  will  probably  be  more  acceptable  than  the  latter. 

In  either  event,  it  would  seem  desirable  if  not  impera- 
tive to  provide  at  least  two  points  hand  control  and  prefer- 
ably three  or  four  with  a  plugging  point  for  quick  reversals. 
There  are  some  installations  of  series  contactors  with  one 
point  control  which  have  proven  successful  to  a  large  degree 
but  these  are  the  exceptions  rather  than  the  rule. 

The  trolley  and  peel  motions  present  problems  very  simi- 
lar to  that  involved  in  the  bridge  motion  but  probably  not 
quite  as  severe.  The  difficulty  encountered  here  is  in  having 
to  force  the  charging  box  into  the  furnace  and  to  turn  it  over 
when  the  latter  is  more  or  less  congested  with  scrap  steel. 
The  same  comments  made  in  connection  with  the  bridge 
motion  would  also  apply  to  the  control  of  the  trolley  and 
peel  motions. 

Heating  Furnaces:  The  machine  for  charging  slabs  in- 
to re-heating  furnaces  may  be  of  the  crane  or  overhead  type 
or  of  the  floor  type,  similar  to  an  open  hearth  charger.  The 
control  for  either  type  of  this  machine  is  quite  simple  since 
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no  abnormal  conditions  are  to  be  met  as  in  the  case  of  open 
hearth  machines. 

The  bridge  and  trolley  motions  are  practically  identical 
with  those  of  an  average  overhead  crane  and  subject  to  the 
same  limitations  in  control.  Such  machines  would  of  course 
be  classified  as  heavy  duty,  high  speed,  and  the  control  pre- 
viously outlined  would  also  be  applicable. 

Either  type  of  machines  uses  some  form  of  tongs  or 
gripping  jaws  to  handle  the  slabs  and  this  motion  can  be  suc- 
cessfully controlled  by  either  manual  or  magnetic  controller. 
There  is  no  particular  need  for  partial  speed  control  points 
so  that  a  series  contactor  control  with  one  speed  point  in 
either  direction,  should  give  very  satisfactory  results.  It 
would  be  of  considerable  advantage  and  protection  to  the  mo- 
tor as  well  to  provide  overload  relays  on  such  controller, 
which  could  be  set  to  open  at  a  high  value.  Such  value 
would  have  to  be  sufficiently  high  to  enable  the  operator  to 
secure  a  good  grip  on  the  slab  beyond  which  it  would  trip  the 
motor  free  from  the  line. 

The  swivel  or  revolving  motion  on  overhead  machines 
can  also  be  successfully  handled  by  manual  or  magnetic  con- 
trol but  the  latter  is  to  be  preferred  on  account  of  the  sever- 
ity of  operation.  Such  controller  may  be  of  the  series  or 
shunt  contactor  type  but  should  preferably  have  two  or  more 
speed  control  points  with  a  plugging  point  which  is  essential 
as  a  protection  to  the  motor  in  making  quick  stops. 

ALTERNATING  CURRENT  CONTROL 

The  polyphase  induction  motor,  generally  termed  the 
slip  ring  type,  is  the  best  adapted  for  use  on  cranes  operated 
by  a-c.  for  the  reason  that  it  develops  a  higher  starting  tor- 
que with  less  current  and  can  be  more  easily  and  satisfac- 
torily controlled  than  any  other  form  of  a-c.  motor.  The  se- 
lection of  suitable  control  for  such  motors  on  crane  service, 
however,  requires  a  thorough  knowledge  of  their  character- 
istics in  order  to  secure  the  same  degfree  of  success  in  oper- 
ation as  can  be  secured  with  direct  current  motors.  For 
this  reason  it  will  be  advantageous  to  consider  these  char- 
acteristics in  discussing  the  control,  particularly  those  show- 
ing relation  between  speed  and  torque,  which  are  directly  af- 
fected by  the  design  of  the  control. 
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Hoist:  At  the  present  writing  dynamic  braking  for 
a-c.  motors  has  not  been  developed  to  a  degree  which  makes 
it  practical  or  commercial  for  application  to  average  over- 
head cranes  such  as  used  in  steel  mills.  This  discussion, 
therefore,  will  be  limited  to  straight  reversing  controllers 
which  have  been  universally  adapted  for  crane  service  on  all 
motions.  These  controllers  may  be  of  the  manual  or  mag- 
netic type  and  the  choice  would  depend  on  the  same  external 
factors,  such  as  severity  of  service,  protection  against  care- 
less operation,  etc.,  as  previously  pointed  out  in  connection 
with  d-c.  control. 

Manual  Control :  The  limits  in  design  of  a  manual  con- 
troller as  to  size  and  effort  in  operation  are  more  pronounc- 
ed with  a-c.  than  with  d-c.  In  the  case  of  d-c.  the  only 
limiting  factor  is  the  capacity  of  the  motor  while  with  the 
a-c.  the  greater  number  of  controller  points  which  might  be 
required  must  also  be  taken  into  account.  With  this  type 
of  motor  there  are  two  separate  and  distinct  circuits  to  be 
handled,  namely,  the  primary  and  the  secondary. 

The  primary  circuit  which  is  used  for  reversing  the  mo- 
tor does  not  have  any  effect  on  the  number  of  controller 
points  as  3-phase  motors  are  generally  used  and  require  the 
same  number  of  segments  for  reversing  as  d-c.  motors.  The 
secondary  circuit,  however,  does  affect  the  required  number 
of  segments  and  contacts  and  makes  it  impracticable  to  pro- 
vide sufficient  contact  points  to  accelerate  the  motor  with 
balanced  phased  connection.  For  this  reason,  most,  if  not 
all,  manual  controllers  are  designed  with  unbalanced  phased 
connection ;  i.  e.,  the  accelerating  resistance  is  cut  out  in  al- 
ternate steps  from  each  of  the  three  (*)  phases  until  the  mo- 
tor is  brought  to  maximum  running  speed  at  which  point 
they  are  balanced.  The  secondary  winding  may  be  short  cir- 
cuited or  have  a  small  permanent  resistance  of  equal  value 
in  circuit  with  each  phase,  depending  upon  the  work  to  be 
done. 

The  unbalancing  of  the  current  in  the  secondary  circuits 
during  acceleration  does  not  affect  the  capacity  of  the  mo- 
tor required  for  a  given  duty  cycle  but  does  influence  the 
number  of  control  points  which  should  be  used  as  will  be  ex 
plained  later. 


(♦)     These  motors  have  3-phase  secondary  windings. 
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The  same  classification  or  grouping:  of  cranes  as  regards 
speed  and  duty  which  were  applied  to  those  operated  by  d-c 
also  apply  to  those  operated  by  a-c.  However,  there  are 
some  additional  factors  to  be  considered  in  the  selection  of 
a-c.  control  which  do  not  enter  into  d-c.  control  and  which 
may  be  summarized  as  follows : 

First — ^The  inherent  torque  required  to  start  a-c.  mo- 
tors under  overload  condition. 

Second — The  starting  torque  required  on  first  point  of 
controller. 

Third — The  percentage  of  time  motor  will  operate  at  re- 
duced speed. 

Fourth — ^The  rapidity  with  which  controller  may  be 
worked. 

When  starting  heavy  loads,  which  are  above  rated  cap- 
acity, an  a-c.  motor  requires  more  current  input  in  propor- 
tion to  the  torque  exerted  than  a  corresponding  size  of  direct 
current  series  wound  motor.  This  is  because  the  field  of  a 
series  motor  is  over  excited  on  overloads  whereas  the  field 
excitation  of  an  a-c.  motor  is  not  increased  by  such  overload 
and  may  in  fact  be  diminished  if  the  overload  become  excess- 
ive. As  a  result  the  a-c.  motor  requires  the  use  of  more 
speed  points  to  secure  slow  or  refined  speed  control  under 
high  load  conditions  than  is  required  for  d-c.  It  is  possible 
however,  to  obtain  equally  successful  results  with  either 
equipment  with  a  little  practice  on  the  part  of  the  operator. 

The  torque  on  the  first  point  would  be  limited  by  the 
speed  requirements  of  the  work  to  be  performed.  For  slow 
speed  cranes,  especially  where  delicate  operations  are  a  fac- 
tor as  in  foundry  practice,  it  is  desirable  to  limit  this  initial 
torque  to  25%  of  full  load.  For  high  speed  cranes  the  ini- 
tial torque  can  be  higher  but  should  not  exceed  50%  in  ord- 
er to  insure  smooth  acceleration  at  light  loads. 

The  percentage  of  time  the  hoist  will  be  required  to  op- 
erate at  reduced  speed  influences  the  choice  in  the  number  of 
points  and  these  should  vary  directly  with  this  percentage. 
This  is  due  to  the  fact  that  the  unbalancing  of  the  current 
in  the  3-phases  is  inversely  proportional  to  the  number  of 
control  points  employed ;  i.  e.,  with  fewer  control  points  the 
unbalancing  would  be  greater  and  result  in  a  less  equal  dis- 
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tributdon  of  heat  in  the  secondary  windings  and  in  extreme 
cases  may  result  in  injury  to  the  motor.  With  a  sufficient 
number  of  control  points  this  unbalancing  of  current  would 
be  minimized  and  the  heating  thereby  evenly  distributed. 

The  rapidity  of  operation  or  severity  of  service  is  a  fac- 
tor which  requires  the  greatest  amount  of  consideration,  as 
it  not  only  influences  the  number  of  speed  points  which 
should  be  used  but  also  the  effective  torque  delivered  by  the 
motor.  If  a  slip  ring  induction  motor  has  its  secondary 
windings  short-circuited  and  be  connected  directly  to  the 
line  it  would  draw  approximately  600%  full  load  current  and 
exert  only  50  to  75%  maximum  torque.  This  condition  is 
approached,  if  not  at  times  met,  by  careless  operators  moving 
the  controller  too  rapidly  to  the  full  running  position  in  an 
attempt  to  gain  time.  The  result  of  such  action  is  injurious 
heating  to  the  motor,  or  an  actual  delay  in  resetting  the 
breaker  where  effective  overload  protection  is  provided. 
Furthermore,  should  the  crane  be  loaded  to  its  capacity  the 
motor  could  not  possibly  be  started  under  such  conditions. 

This  difficulty  can  be  successfully  overcome  by  connect- 
ing a  permanent  resistance  of  equal  ohmic  value  in  each 
phase  sufficient  to  provide  a  total  slip  of  aproximately  15%. 
This  would  not  entirely  eliminate  the  high  peaks  but  would 
reduce  them  to  a  comparatively  safe  value  and  insure  the 
motor  starting  under  any  load  condition  within  its  capacity. 
The  use  of  such  permanent  resistance  would  naturally  reduce 
the  maximum  running  speed  approximately  10%  at  full 
load  but  this  reduction  would  be  proportionately  smaller  at 
lighter  loads.  Should  this  loss  in  speed  at  heavy  load  be  a 
serious  disadvantage  it  can  be  compensated  for  by  a  slight 
change  in  gearing  and  in  rare  cases  may  require  a  slightly 
larger  motor.  For  most  classes  of  service  this  loss  in  speed 
would  be  a  negligible  quantity  because  reduced  loads  are 
handled  a  majority  of  the  time. 

High  speed — heavy  duty :  For  this  class  of  service  a  con- 
troller having  eight  speed  points  should  give  successful  ser- 
vice with  motors  of  moderate  size,  up  to  30  hp.,  220  volts ; 
for  motors  of  larger  capacity  it  is  advisable  to  use  10  to  12 
control  points,  while  in  either  case  an  initial  torque  of  50  ^/r 
will  be  sufficiently  low  both  for  good  acceleratioiv  ^.ivd  ioit 
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High  speed — flight  duty :  For  this  class  of  service  a  con- 
troller having  eight  speed  points  for  motors  of  moderate  size 
and  10  to  12  points  for  motors  of  larger  size,  and  designed 
to  give  an  initial  torque  of  50  9r  will  give  satisfactory  re- 
sults. No  permanent  resistance  should  be  required  except 
where  protection  against  careless  operation  is  necessary. 

Slow  speed — flight  duty :  For  this  class  of  service  the  se- 
lection of  speed  points  would  depend  upon  the  refinement  of 
control  desired  as  in  the  case  of  heavy  duty  cranes.  For 
motors  of  moderate  size  an  eight  point  controller  with  per- 
manent slip  resistance  and  designed  to  limit  the  torque  to 
25%  full  load  on  first  point  would  meet  most  requirements. 
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Fig.  12 


However,  for  foundry  practice  it  may  be  desirable  to  use  10 
or  12  speed  points  with  the  same  initial  torque  and  possibly 
the  addition  of  permanent  slip  resistance. 

For  motors  of  larger  capacity  10  to  12  speed  points 
should  always  be  used  and  the  initial  torque  limited  to  25 S?: 
full  load.  The  refinement  of  control  would  determine  if  a 
permanent  slip  resistance  would  be  advisable.  As  previous- 
ly pointed  out  the  motor  should  not  be  worked  above  35  to 
40%  of  break-down  torque  where  refined  control  is  essential. 

Magnetic  Control:  The  development  of  multi-pole  con- 
tactor to  operate  with  a-c.  coils  simplifies  the  problem  of 
magnetic  control  and  makes  its  use  both  practical  and  com- 
mercial.  Contactors  having  3-poles  actuated  with  one  mag- 
net coil  afford  a  simple  means  of  opening  and  closing  the 
primary  circuits  of  3-phase  motors,  and  by  the  use  of  two 
such  contactors  mechanically  interlocked  a  3-phase  motor 
may  be  easily  reversed  and  at  the  same  time  entirely  discon- 
nected from  the  line  while  at  rest.     Contactors  with  2-poles 
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actuated  by  the  same  magnet  coil  also  afford  a  simple 
means  of  cutting  out  the  starting  resistance  in  the  second- 
ary circuit  in  equal  steps  thereby  keeping  the  phases  balanc- 
ed on  all  accelerating  points.  This  can  readily  be  seen  from 
the  schematic  diagram  of  connections  (Fig.  12)  of  a  con- 
troller designed  to  provide  six  speed  points  which  will  meet 
average  conditions  of  hoist  operations. 

Keeping  the  phases  balanced  at  all  times  and  providing 
automatic  acceleration  eliminates  at  least  two  objectionable 
factors  which  enter  into  manual  control.  These  are  the 
questions  of  percentage  of  time  the  motor  operated  at  re- 
duced speeds  and  the  rapidity  of  operation  as  affecting  the 
starting  torque.  For  these  same  reasons  it  is  not  necessary 
to  provide  as  many  accelerating  or  control  points  as  required 
with  manual  control. 

For  high  speed  cranes  a  controller  having  approximate- 
ly six  accelerating  points,  four  or  five  of  which  are  hand- 
controlled  and  designed  to  provide  an  initial  torque  of  50% 
full  load  should  give  successful  results  under  any  condition 
of  load  within  safe  limits. 

For  slow  speed  cranes,  i.  e.,  where  slow  or  creeping 
speeds  are  of  prime  importance  a  controller  having  seven  or 
eight  control  points  and  designed  for  an  initial  torque  of  25% 
•full  load  should  meet  all  conditions  of  operation  within  safe 
limits. 

With  this  type  of  control  a  permanent  slip  resistance 
would  not  be  necessary  from  the  standpoint  of  starting 
torque  or  abuse  of  the  motor  but  may  be  used  to  advantage 
in  connection  with  slow  speed  operation  to  secure  a  closer 
refinement  of  control. 

BRIDGE  AND  TROLLEY 

Manual  Control:  The  same  design  of  controller  as  de- 
scribed for  the  hoist  is  also  applicable  to  the  bridge  and  trol- 
ley motions  although  in  most  cases  the  initial  torque  need 
not  be  limited  to  as  low  values.  This  is  because  the  refine- 
ments in  speed  are  not  as  exacting  for  these  motions  and  the 
ultimate  rate  of  travel  is  considerably  higher.  Controllers 
having  eight  to  twelve  speed  points,  depending  upon  the  size 
of  the  motor,  should  successfully  handle  these  motions  under 
any  condition  of  load  within  their  capacity.     It  is  also  ad- 


266  CALDWELL:    CONTROL  OF  CRANE  MOTORS 

visable  to  use  a  small  percentage  of  permanent  slip  resistr 
ance  where  the  service  is  severe  and  the  controllers  are  apt 
to  be  operated  very  rapidly. 

This  permanent  resistance  would  not  affect  the  final 
running  speed  of  the  bridge  or  trolley  to  the  same  extent  as 
in  the  case  of  a  hoist  since  the  torque  required  under  runn- 
ing conditions  is  somewhat  less  than  that  required  for  start- 
ing. 

Magnetic  Control :  There  is  no  choice  in  types  of  mag- 
netic control  for  a-c.  motors  on  bridge  and  trolley  service  as 
there  is  in  connection  with  d-c.  motors.  This  is  due  to  the 
fact  that  no  electrical  genius  has  yet  come  forward  with  a 
series  wound  a-c.  contactor  sufficiently  practical  for  commer- 
cial purposes.  Therefore,  the  same  type  of  controller  as  des- 
cribed for  hoisting  and  shown  in  Figure  12  will  be  satisfac- 
tory for  bridge  and  trolley  service. 

The  external  factors  already  discussed  in  connection 
with  d-c.  cranes  also  apply  to  a-c.  cranes  and  must  be  given 
the  same  careful  consideration  in  selection  of  suitable  con- 
trol. Taking  into  account  all  points  covered  by  this  discus- 
sion the  question  of  proper  control  for  bridge  and  trolley 
service  may  be  briefly  summarized  as  follows : 

For  high  speed  cranes  where  slow  or  reduced  speeds  are 
not  required  a  controller  having  from  4  to  6  speed  points 
and  designed  to  give  50%  full  load  torque  on  first  point 
should  satisfactorily  operate  a  bridge  or  trolley  of  any  rea- 
sonable capacity  under  all  conditions. 

For  slow  speed  cranes  where  slow  and  reduced  speeds 
are  essential  the  number  of  speed  points  should  be  increased 
in  accordance  with  refinement  of  control  desired  and  in  some 
particular  cases  it  might  be  advisable  to  limit  the  initial 
starting  torque  to  25%  full  load. 

COMPARISON  OF  D-C.  AND  A-C.  FOR  CRANE  SERVICE 

It  is  not  the  author's  intention  to  draw  any  definite  con- 
clusions or  to  attempt  to  make  any  recommendations  as  to 
which  system  should  or  should  not  be  used  to  summarize 
those  factors  which  merit  greatest  consideration  in  making 
a  selection.  It  must  be  born  in  mind  as  far  as  mechanical 
^construction  and  ruggedness  are  concerned  that  both  types 
of  motors  and  controllers  are  equally  reliable  also  that  equal- 
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ly  successful  results  can  be  obtained  in  the  way  of  speed  con- 
trol although  not  with  the  same  degree  of  simplicity  as  will 
be  pointed  out. 

One  of  the  most  important  points  in  favor  of  the  d-c.  ser- 
ies motor  is  its  speed  characteristics  which  are  better  adapt- 
ed to  this  class  of  work  and  especially  to  the  hoist  motion. 
As  already  mentioned  this  type  of  motor  inherently  runs  at 
a  high  speed  with  light  or  reduced  loads  which  materially  in- 
creases the  average  speed  of  operation  and  consequently  the 
over  all  efficiency  of  the  crane.  On  the  other  hand  an  a-c. 
motor  will  not  run  above  its  synchronous  speed  except  when 
lowering  overhauling  loads  and  under  such  condition  this 
higher  speed  is  undesirable. 

Therefore,  in  order  for  an  a-c.  motor  to  perform  the 
same  amount  of  work  in  a  given  time,  i.  e.,  make  the  same 
number  of  trips  under  varying  load  conditions  it  will  be  nec- 
essary to  increase  the  rated  full  load  speed  and  consequently 
the  capacity  of  the  motor  in  the  same  proportion.  The 
amount  of  this  increase  would  depend  primarily  upon  the 
'percentage  of  time  the  motor  in  question  is  operated  under 
heavy  load  conditions.  If  this  percentage  is  very  high  the 
increase  may  be  only  a  small  amount  and  not  sufficient  to 
warrant  a  motor  of  higher  rating.  If,  however,  the  crane  is 
one  which  operates  at  light  loads  a  greater  part  of  the  time 
and  on  which  tonnage  or  production  depends,  the  increase  in 
size  of  motor  may  reach  as  high  as  50  Sr.  Generally 
speaking,  therefore,  a-c.  motors  must  be  of  larger  capacity 
than  d-c.  for  crane  service  if  an  equal  amount  of  work  is  to 
be  performed. 

The  successful  development  of  dynamic  braking  for  ser- 
ies motors  is  another  important  factor  in  favor  of  d-c.  over 
a-c.  In  addition  to  eliminating  the  necessity  of  a  trouble- 
^me  mechanical  brake,  dynamic  braking  insures  a  constant 
and  positive  speed  on  all  points  of  the  controller  under  any 
given  condition  of  load.  It  is  also  superior  to  the  mechani- 
cal brake  from  the  standpoint  of  safety. 

The  torque  characteristics  of  the  d-c.  motor  on  starting 
are  superior  to  those  of  the  a-c.  polyphase  motor  since  the 
latter  has  a  definite  maximum  value  of  about  200  ^r  full  load 
while  the  former  is  very  much  greater.  This  fact  may  some- 
times ifluence  the  size  of  a  motor  particularily  on  the  hoist 
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visable  to  use  a  small  percentage  of  permanent  slip  resistr 
ance  where  the  service  is  severe  and  the  controllers  are  apt 
to  be  operated  very  rapidly. 

This  permanent  resistance  would  not  affect  the  final 
running  speed  of  the  bridge  or  trolley  to  the  same  extent  as 
in  the  case  of  a  hoist  since  the  torque  required  under  runn- 
ing conditions  is  somewhat  less  than  that  required  for  start- 
ing. 

Magnetic  Control :  There  is  no  choice  in  types  of  mag- 
netic control  for  a-c.  motors  on  bridge  and  trolley  service  as 
there  is  in  connection  with  d-c.  motors.  This  is  due  to  the 
fact  that  no  electrical  genius  has  yet  come  forward  with  a 
series  wound  a-c.  contactor  sufficiently  practical  for  commeiv 
cial  purposes.  Therefore,  the  same  type  of  controller  as  des- 
cribed for  hoisting  and  shown  in  Figure  12  will  be  satisfac- 
tory for  bridge  and  trolley  service. 

The  external  factors  already  discussed  in  connection 
with  d-c.  cranes  also  apply  to  a-c.  cranes  and  must  be  given 
the  same  careful  consideration  in  selection  of  suitable  con- 
trol. Taking  into  account  all  points  covered  by  this  discus- 
sion the  question  of  proper  control  for  bridge  and  trolley 
service  may  be  briefly  summarized  as  follows : 

For  high  speed  cranes  where  slow  or  reduced  speeds  are 
not  required  a  controller  having  from  4  to  6  speed  points 
and  designed  to  give  50%  full  load  torque  on  first  point 
should  satisfactorily  operate  a  bridge  or  trolley  of  any  rea- 
sonable capacity  under  all  conditions. 

For  slow  speed  cranes  where  slow  and  reduced  speeds 
are  essential  the  number  of  speed  points  should  be  increased 
in  accordance  with  refinement  of  control  desired  and  in  some 
particular  cases  it  might  be  advisable  to  limit  the  initial 
starting  torque  to  25%  full  load. 

COMPARISON  OF  D-C.  AND  A-C.  FOR  CRANE  SERVICE 

It  is  not  the  author's  intention  to  draw  any  definite  con- 
clusions or  to  attempt  to  make  any  recommendations  as  to 
which  system  should  or  should  not  be  used  to  summarize 
those  factors  which  merit  greatest  consideration  in  making 
a  selection.  It  must  be  bom  in  mind  as  far  as  mechanical 
^construction  and  ruggedness  are  concerned  that  both  types 
of  motors  and  controllers  are  equally  reliable  also  that  equal- 
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ly  successful  results  can  be  obtained  in  the  way  of  speed  con- 
trol although  not  with  the  same  degree  of  simplicity  as  will 
be  pointed  out. 

One  of  the  most  important  points  in  favor  of  the  d-c.  ser- 
ies motor  is  its  speed  characteristics  which  are  better  adapt- 
ed to  this  class  of  work  and  especially  to  the  hoist  motion. 
As  already  mentioned  this  type  of  motor  inherently  runs  at 
a  high  speed  with  light  or  reduced  loads  which  materially  in- 
creases the  average  speed  of  operation  and  consequently  the 
over  all  efficiency  of  the  crane.  On  the  other  hand  an  a-c. 
motor  will  not  run  above  its  sjmchronous  speed  except  when 
lowering  overhauling  loads  and  under  such  condition  this 
higher  speed  is  undesirable. 

Therefore,  in  order  for  an  a-c.  motor  to  perform  the 
same  amount  of  work  in  a  given  time,  i.  e.,  make  the  same 
number  of  trips  under  varying  load  conditions  it  will  be  nec- 
essary to  increase  the  rated  full  load  speed  and  consequently 
the  capacity  of  the  motor  in  the  same  proportion.  The 
amount  of  this  increase  would  depend  primarily  upon  the 
'percentage  of  time  the  motor  in  question  is  operated  under 
heavy  load  conditions.  If  this  percentage  is  very  high  the 
increase  may  be  only  a  small  amount  and  not  sufficient  to 
warrant  a  motor  of  higher  rating.  If,  however,  the  crane  is 
one  which  operates  at  light  loads  a  greater  part  of  the  time 
and  on  which  tonnage  or  production  depends,  the  increase  in 
size  of  motor  may  reach  as  high  as  50  ^r.  Generally 
speaking,  therefore,  a-c.  motors  must  be  of  larger  capacity 
than  d-c.  for  crane  service  if  an  equal  amount  of  work  is  to 
be  performed. 

The  successful  development  of  dynamic  braking  for  ser- 
ies motors  is  another  important  factor  in  favor  of  d-c.  over 
a-c.  In  addition  to  eliminating  the  necessity  of  a  trouble- 
some mechanical  brake,  dynamic  braking  insures  a  constant 
and  positive  speed  on  all  points  of  the  controller  under  any 
given  condition  of  load.  It  is  also  superior  to  the  mechani- 
cal brake  from  the  standpoint  of  safety. 

The  torque  characteristics  of  the  d-c.  motor  on  starting 
are  superior  to  those  of  the  a-c.  polyphase  motor  since  the 
latter  has  a  definite  maximum  value  of  about  200  ^f  full  load 
while  the  former  is  very  much  greater.  This  fact  may  some- 
times ifluence  the  size  of  a  motor  particularily  on  the  hoist 
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visable  to  use  a  small  percentage  of  permanent  slip  resistr 
ance  where  the  service  is  severe  and  the  controllers  are  apt 
to  be  operated  very  rapidly. 

This  permanent  resistance  would  not  affect  the  final 
running  speed  of  the  bridge  or  trolley  to  the  same  extent  as 
in  the  case  of  a  hoist  since  the  torque  required  under  runn- 
ing conditions  is  somewhat  less  than  that  required  for  start- 
ing. 

Magnetic  Control :  There  is  no  choice  in  types  of  mag- 
netic control  for  a-c.  motors  on  bridge  and  trolley  service  as 
there  is  in  connection  with  d-c.  motors.  This  is  due  to  the 
fact  that  no  electrical  genius  has  yet  come  forward  with  a 
series  wound  a-c.  contactor  sufficiently  practical  for  commer- 
cial purposes.  Therefore,  the  same  type  of  controller  as  des- 
cribed for  hoisting  and  shown  in  Figure  12  will  be  satisfac- 
tory for  bridge  and  trolley  service. 

The  external  factors  already  discussed  in  connection 
with  d-c.  cranes  also  apply  to  a-c.  cranes  and  must  be  given 
the  same  careful  consideration  in  selection  of  suitable  con- 
trol. Taking  into  account  all  points  covered  by  this  discus- 
sion the  question  of  proper  control  for  bridge  and  trolley 
service  may  be  briefly  summarized  as  follows : 

For  high  speed  cranes  where  slow  or  reduced  speeds  are 
not  required  a  controller  having  from  4  to  6  speed  points 
and  designed  to  give  50%  full  load  torque  on  first  point 
should  satisfactorily  operate  a  bridge  or  trolley  of  any  rea- 
sonable capacity  under  all  conditions. 

For  slow  speed  cranes  where  slow  and  reduced  speeds 
are  essential  the  number  of  speed  points  should  be  increased 
in  accordance  with  refinement  of  control  desired  and  in  some 
particular  cases  it  might  be  advisable  to  limit  the  initial 
starting  torque  to  25%  full  load. 

COMPARISON  OF  D-C.  AND  A-C.  FOR  CRANE  SERVICE 

It  is  not  the  author's  intention  to  draw  any  definite  con- 
clusions or  to  attempt  to  make  any  recommendations  as  to 
which  system  should  or  should  not  be  used  to  summarize 
those  factors  which  merit  greatest  consideration  in  making 
a  selection.  It  must  be  born  in  mind  as  far  as  mechanical 
^construction  and  ruggedness  are  concerned  that  both  types 
of  motors  and  controllers  are  equally  reliable  also  that  equal- 
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\y  successful  results  can  be  obtained  in  the  way  of  speed  con- 
trol although  not  with  the  same  degree  of  simplicity  as  will 
be  pointed  out. 

One  of  the  most  important  points  in  favor  of  the  d-c.  ser- 
ies motor  is  its  speed  characteristics  which  are  better  adapt- 
ed to  this  class  of  work  and  especially  to  the  hoist  motion. 
As  already  mentioned  this  type  of  motor  inherently  runs  at 
a  high  speed  with  light  or  reduced  loads  which  materially  in- 
creases the  average  speed  of  operation  and  consequently  the 
over  all  efficiency  of  the  crane.  On  the  other  hand  an  a-c. 
motor  will  not  run  above  its  sjmchronous  speed  except  when 
lowering  overhauling  loads  and  under  such  condition  this 
higher  speed  is  undesirable. 

Therefore,  in  order  for  an  a-c.  motor  to  perform  the 
same  amount  of  work  in  a  given  time,  i.  e.,  make  the  same 
number  of  trips  under  varying  load  conditions  it  will  be  nec- 
essary to  increase  the  rated  full  load  speed  and  consequently 
the  capacity  of  the  motor  in  the  same  proportion.  The 
amount  of  this  increase  would  depend  primarily  upon  the 
'percentage  of  time  the  motor  in  question  is  operated  under 
heavy  load  conditions.  If  this  percentage  is  very  high  the 
increase  may  be  only  a  small  amount  and  not  sufficient  to 
warrant  a  motor  of  higher  rating.  If,  however,  the  crane  is 
one  which  operates  at  light  loads  a  greater  part  of  the  time 
and  on  which  tonnage  or  production  depends,  the  increase  in 
size  of  motor  may  reach  as  high  as  50^^.  Generally 
speaking,  therefore,  a-c.  motors  must  be  of  larger  capacity 
than  d-c.  for  crane  service  if  an  equal  amount  of  work  is  to 
be  performed. 

The  successful  development  of  dynamic  braking  for  ser- 
ies motors  is  another  important  factor  in  favor  of  d-c.  over 
a-c.  In  addition  to  eliminating  the  necessity  of  a  trouble- 
some mechanical  brake,  dynamic  braking  insures  a  constant 
and  positive  speed  on  all  points  of  the  controller  under  any 
given  condition  of  load.  It  is  also  superior  to  the  mechani- 
cal brake  from  the  standpoint  of  safety. 

The  torque  characteristics  of  the  d-c.  motor  on  starting 
are  superior  to  those  of  the  a-c.  polyphase  motor  since  the 
latter  has  a  definite  maximum  value  of  about  200%  full  load 
while  the  former  is  very  much  greater.  This  fact  may  some- 
times ifluence  the  size  of  a  motor  particularily  on  the  hoist 
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visable  to  use  a  small  percentage  of  permanent  slip  resistr 
ance  where  the  service  is  severe  and  the  controllers  are  apt 
to  be  operated  very  rapidly. 

This  permanent  resistance  would  not  affect  the  final 
running  speed  of  the  bridge  or  trolley  to  the  same  extent  as 
in  the  case  of  a  hoist  since  the  torque  required  under  runn- 
ing conditions  is  somewhat  less  than  that  required  for  start- 
ing. 

Magnetic  Control :  There  is  no  choice  in  types  of  mag- 
netic control  for  a-c.  motors  on  bridge  and  trolley  service  as 
there  is  in  connection  with  d-c.  motors.  This  is  due  to  the 
fact  that  no  electrical  genius  has  yet  come  forward  with  a 
series  wound  a-c.  contactor  sufficiently  practical  for  commer- 
cial purposes.  Therefore,  the  same  type  of  controller  as  des- 
cribed for  hoisting  and  shown  in  Figure  12  will  be  satisfac- 
tory for  bridge  and  trolley  service. 

The  external  factors  already  discussed  in  connection 
with  d-c.  cranes  also  apply  to  a-c.  cranes  and  must  be  given 
the  same  careful  consideration  in  selection  of  suitable  con- 
trol. Taking  into  account  all  points  covered  by  this  discus- 
sion the  question  of  proper  control  for  bridge  and  trolley 
service  may  be  briefly  summarized  as  follows : 

For  high  speed  cranes  where  slow  or  reduced  speeds  are 
not  required  a  controller  having  from  4  to  6  speed  points 
and  designed  to  give  50^  full  load  torque  on  first  point 
should  satisfactorily  operate  a  bridge  or  trolley  of  any  rea- 
sonable capacity  under  all  conditions. 

For  slow  speed  cranes  where  slow  and  reduced  speeds 
are  essential  the  number  of  speed  points  should  be  increased 
in  accordance  with  refinement  of  control  desired  and  in  some 
particular  cases  it  might  be  advisable  to  limit  the  initial 
starting  torque  to  25%  full  load. 

COMPARISON  OF  D-C.  AND  A-C.  FOR  CRANE  SERVICE 

It  is  not  the  author's  intention  to  draw  any  definite  con- 
clusions or  to  attempt  to  make  any  recommendations  as  to 
which  system  should  or  should  not  be  used  to  summarize 
those  factors  which  merit  greatest  consideration  in  making 
a  selection.  It  must  be  born  in  mind  as  far  as  mechanical 
^construction  and  ruggedness  are  concerned  that  both  types 
of  motors  and  controllers  are  equally  reliable  also  that  equal- 
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ly  successful  results  can  be  obtained  in  the  way  of  speed  con- 
trol although  not  with  the  same  degree  of  simplicity  as  will 
be  pointed  out. 

One  of  the  most  important  points  in  favor  of  the  d-c.  ser- 
ies motor  is  its  speed  characteristics  which  are  better  adapt- 
ed to  this  class  of  work  and  especially  to  the  hoist  motion. 
As  already  mentioned  this  type  of  motor  inherently  runs  at 
a  high  speed  with  light  or  reduced  loads  which  materially  in- 
creases the  average  speed  of  operation  and  consequently  the 
over  all  efficiency  of  the  crane.  On  the  other  hand  an  a-c. 
motor  will  not  run  above  its  sjmchronous  speed  except  when 
lowering  overhauling  loads  and  under  such  condition  this 
higher  speed  is  undesirable. 

Therefore,  in  order  for  an  a-c.  motor  to  perform  the 
same  amount  of  work  in  a  given  time,  i.  e.,  make  the  same 
number  of  trips  under  varying  load  conditions  it  will  be  nec- 
essary to  increase  the  rated  full  load  speed  and  consequently 
the  capacity  of  the  motor  in  the  same  proportion.  The 
amount  of  this  increase  would  depend  primarily  upon  the 
'percentage  of  time  the  motor  in  question  is  operated  under 
heavy  load  conditions.  If  this  percentage  is  very  high  the 
increase  may  be  only  a  small  amount  and  not  sufficient  to 
warrant  a  motor  of  higher  rating.  If,  however,  the  crane  is 
one  which  operates  at  light  loads  a  greater  part  of  the  time 
and  on  which  tonnage  or  production  depends,  the  increase  in 
size  of  motor  may  reach  as  high  as  50 S^.  Generally 
speaking,  therefore,  a-c.  motors  must  be  of  larger  capacity 
than  d-c.  for  crane  service  if  an  equal  amount  of  work  is  to 
be  performed. 

The  successful  development  of  dynamic  braking  for  ser- 
ies motors  is  another  important  factor  in  favor  of  d-c.  over 
a-c.  In  addition  to  eliminating  the  necessity  of  a  trouble- 
some mechanical  brake,  dynamic  braking  insures  a  constant 
and  positive  speed  on  all  points  of  the  controller  under  any 
given  condition  of  load.  It  is  also  superior  to  the  mechani- 
cal brake  from  the  standpoint  of  safety. 

The  torque  characteristics  of  the  d-c.  motor  on  starting 
are  superior  to  those  of  the  a-c.  polyphase  motor  since  the 
latter  has  a  definite  maximum  value  of  about  200  ^r  full  load 
while  the  former  is  very  much  greater.  This  fact  may  some- 
times ifluence  the  size  of  a  motor  particularily  on  the  hoist 
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motion  when  it  is  necessary  to  handle  high  overloads  at  in- 
frequent intervals.  For  example,  crane  having  a  normal 
capacity  of  15  tons  may  at  times  be  required  to  lift  a  load  of 
35  or  even  40  tons.  This  extra  duty  would  not  require  any 
additional  capacity  in  a  d-c.  series  motor  over  that  normally 
required  but  being  in  excess  of  the  starting  torque  of  an 
equivalent  a-c.  motor  would  necessitate  an  increase  in  size 
sufficient  to  meet  this  maximum  demand. 

In  order  to  provide  the  same  refinement  of  speed  control 
an  a-c.  motor  requires  more  points  on  the  controller  and  a 
little  additional  care  and  practice  on  the  part  of  the  operator. 

The  wiring  required  for  d-c.  motors  is  somewhat  less 
than  it  would  be  for  a-c.  motors  of  the  same  capacity  both  in 
respect  of  the  number  of  leads  and  total  weight  of  copper. 
The  number  of  leads  required  for  d-c.  motors  would  be  only 
2-3  of  those  required  for  a-c.  motors  while  the  total  weight 
of  copper  would  probably  be  only  from  80  to  85  % .  The 
smaller  air-gap  required  with  an  a-c.  motor  might  be  consid- 
ered detrimental  either  from  the  standpoint  of  ruggedness 
or  power  factor  depending  upon  the  design  of  the  motor. 
Where  ruggedness  in  mechanical  design  is  of  prime  impor- 
tance the  air-gap  is  somewhat  increased  over  standard  prac- 
tice, which  in  turn  results  in  a  reduction  of  the  power  factor 
of  the  motor.  Where  the  power  factor  is  given  first  consi- 
deration the  air-gaip  must  necessarily  be  made  small  at  some 
sacrifice  in  mechanical  design.  However,  in  large  steel 
plants  where  the  crane  load  is  a  comparatively  small  percen- 
tage of  the  aggregate  connected  load  and  since  it  is  also  very 
intermittent  in  its  nature  the  question  of  power  factor  is  not 
one  of  great  importance.  On  the  other  hand  continuity  of 
service  is  of  great  importance  which  would  necessitate  rug- 
gedness in  mechanical  design. 

Where  d-c.  motors  are  used  it  is  necessary  to  either  gen- 
erate this  form  of  current  or  to  obtain  it  through  a  rotary  or 
M-G.  set  from  an  a-c.  source.  Where  d-c.  power  is  generated 
in  the  prime  mover  there  is  no  reason  to  consider  a-c.  for 
cranes  as  the  advantages  in  such  a  case  are  all  in  favor  of  the 
former.  Where  central  station  or  purchased  power  is  used 
as  in  some  modem  mills  this  is  always  delivered  in  the 
form  of  a-c.  and  usually  3-phase.     In  such  instances  the  se- 
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lection  of  electrical  drive  for  the  cranes  would  depend  largely 
upon  the  following  factors  :- 

First :     The  nature  of  connected  load  other  than  cranes. 

Second :  The  percentage  of  crane  load  in  proportion  to 
total  connected  load. 

Third :     Continuity  of  crane  service. 

In  a  plant  where  a-c  can  be  sucessfully  applied  for 
main  drives  and  other  auxiliaries,  for  example  sheet  or  tin 
mills,  and  where  the  cranes  are  comparatively  small  in  num- 
ber there  is  no  advantage  in  resorting  to  a  mixed  system  in 
order  to  use  d-c.  crane  equipment.  The  cost  of  installing  a 
converting  machine  with  its  necessary  switchboard,  result- 
ant loss  in  efficiency  and  depreciation,  and  additional  com- 
plexity of  power  circuits  would  make  a-c.  more  economical 
and  desirable. 

Where  the  crane  load  is  a  large  percentage  of  the  con- 
nected load  and  an  important  factor  in  production,  and  also 
sufficient  in  aggregate  amount  to  warrant  a  reasonably  high 
converting  unit,  the  advantages  of  the  d-c.  system  may  offset 
the  disadvantages  of  first  cost,  depreciation,  etc.  This  is 
particularly  true  where  the  nature  of  the  work  requires  re- 
finement of  control  and  slow  or  reduced  speeds  are  essential. 

Where  there  are  a  comparatively  large  number  of  cranes 
and  all  or  most  of  them  in  continuous  operation  so  that  the 
load  factor  on  a  converting  machine  would  be  reasonably 
high,  the  advantages  of  d-c.  would  probably  warrant  the  in- 
stallation of  such  machines. 
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W.  T.  Snyder:  Mr.  Caldwell  has  opened  up  a  very  in- 
teresting subject,  and  no  doubt  we  will  have  a  good  discus- 
sion on  this  paper.  There  are  many  points  to  be  consider- 
ed on  this  subject.  I  should  like  to  hear  something  said  on 
the  advisability  of  the  use  of  variable  speed  motors  for  crane 
motors  and  also  shunt  and  series  contactors  for  crane  ser- 
vice, dynamic  braking  on  bridge  and  trolley  drive,  operation 
of  cranes  from  the  floor,  and  many  other  interesting  points 
which  can  be  brought  up. 
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K.  H.  Cederlund:  The  variable  speed  motor  will,  un- 
doubtedly,  be  a  nice  thing,  especially  in  a  shop  where  you 
have  to  spot  material  and  put  it  in  lathes  and  different  kinds 
of  tools,  and  where  you  want  a  real  slow  speed,  and  then, 
again,  on  the  floor  where  you  want  a  fast  speed,  and  in  such 
combinations  the  variable  speed  motor  comes  in  very  hand- 
ily. 

I  do  not  know  whether  it  would  be  advisable  to  go  into 
the  application  of  two  different  styles  of  motors  on  practic- 
ally the  same  crane. 

L.  W.  Egan:  Mr.  Caldwell's  comprehensive  paper 
seems  to  give  a  very  broad  analysis  of  the  subject  of  crane 
control,  and  we  heartily  agree  with  him  on  a  number  of  the 
facts  set  forth  in  his  paper,  among  others,  that  great  care 
should  attend  the  adjustment  of  lowering  speeds  to  the  dang- 
er point  avoiding  dangerous  current  surges  at  stopping 
points  the  advantages  of  shunt  type  contactors  over  the  seri- 
es or  lookout  type  and  the  advantages  of  safety  and  flexibil- 
ity of  the  dynamic  type  of  braking  over  the  load  brake  or 
mechanical  type.  There  are  some  statements  in  Mr.  Cald- 
well's paper,  however,  that  we  cannot  reconcile  with  exist- 
ing methods  of  control  and  upon  which  we  differ. 

Mr.  Caldwell  would  lead  us  to  believe  that  the  use  of 
the  shunting  method  for  weakening  the  fields  to  secure  high 
speeds  while  lowering  the  light  hook  is  attended  by  great 
danger  while  lowering  heavy  loads.  This  is  pointed  out  by 
him  on  his  12th  and  13th  pages  as  against  the  schemes 
shown  in  Figure  3  and  Figure  6  where  a  resistance  is  plac- 
ed in  the  field  circuit  in  the  lowering  direction  only  for  weak- 
ening the  fields  to  secure  the  higher  speeds.  In  the  scheme 
of  connection  shown  in  Figure  3,  four  resistance  sections  are 
used  in  the  main  motor  circuit  on  the  hoisting  side.  On  the 
lowering  side  six  sections  are  employed  in  the  field  circu^' 
and  one  in  the  armature  circuit,  sections  R1-R2-R3  being  in 
the  field  circuit  on  lowering  side  only.  In  the  scheme  shown 
in  Figure  6  three  sections  of  resistance  are  used  in  the  main 
motor  circuit  on  the  hoisting  side.  Lowering,  three  sections 
are  used  in  the  field  circuit  and  three  in  the  armature  circuit 
in  addition  to  the  stationary  AB  section  in  the  armature  cir- 
cuit. Sections  R1-R2-R3  being  in  the  field  circuit,  lowering 
side  only. 
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In  each  case,  the  highest  speed  of  the  light  hook  would 
be  limited,  first  by  the  excitation  of  the  motor  field  which 
15  fixed  by  the  resistance  in  its  circuit ;  second,  by  the  amount 
of  current  taken  from  the  line  by  the  armature  which  is  de- 
pended on  the  CEMF  and  the  resistance  of  the  stationary 
AB  section  in  the  armature  circuit.  In  other  words,  the 
method  is  comparable  with  a  variable  speed  shunt  motor, 
(tf  the  field  weakening  type. 


Fig.   14 

As  the  question  of  speed  narrows  down  to  field  excita- 
tion, as  pointed  out  by  Mr.  Caldwell,  his  12th  page,  last  para- 
graph, it  would  seem  to  be  purely  a  matter  of  opinion  as  to 
whether  this  degree  of  excitation  is  obtained  by  weakening 
the  fields  with  a  high  resistance  in  series  with  them  or 
shunting  a  part  of  a  predetermined  current  value  around 
them  because  the  ampere  turns  remain  the  same  in  either 
case.  Theerfore  if  an  arbitrary  speed  of,  say  twice  full  load 
hoisting  speed  is  required  on  the  light  hook  in  each  case,  no 
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exester  or  more  dangerous  speed  would  result  when  lower- 
ing the  full  load  with  a  shunted  field,  than  with  a  field  wei^- 
ened  by  resistance  in  series  with  it. 
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Fig.  15 

At  the  Pittsburgh  Crucible  Steel  Co.,  we  have  in  use 
both  these  types  of  hoist  operating  successfully,  the  type 
referred  to  in  Mr.  Caldwell's  paper  Figure  3  being  used  on 
the  earlier  cranes,  installed  in  1912  and  1913.    For  the  past 
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three  years,  only  the  shunted  field  type  has  been  used.  The 
earlier  type  was  used  on  soaking  pit  and  stripper  cranes 
controlling  45  h.p.,  490  r.p.m.  motors.  Also  on  75-ton  hot 
metal  crane  controlling  80  h.p.,  490  r.p.m.  motor  and  on  150- 
ton  ladle  crane  controlling  140  h.p.,  410  r.p.m.  motor  and  a 
scrap-drop  crane  controlling  105  h.p.,  470  r.p.m.  motor. 

Figure  13  gives  the  general  scheme  of  the  controller; 
those  controlling  45  h.p  motors  having  five  accelerating  con- 
tactors, while  those  controlling  80,  105,  and  140  h.p.  motors 
having  six  accelerating  contactors. 
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Fig.  17 

Figure  14  gives  the  sequence  of  operation  of  the  con- 
tactors. 

Figure  15  gives  the  scheme  by  points. 

With  this  method,  which  is  practically  a  duplicate  of 
that  shown  on  Figure  3,  Mr.  Caldwell's  paper,  all  resistance 
sections  in  the  field  circuit  lowering  are  also  used  in  the 
hoisting  circuit,  and  all  accelerating  contactors  lowering  are 
also  accelerating  contactors  hoisting.  D-1  is  an  emergency 
braking  contactor  in  the  off  position.  C-0  relay  is  a  dif- 
ferential relay  functioning  to  disconnect  motor  from  the 
line  when  load  becomes  overhauling,  by  dropping  out  D-3. 
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P.S.  is  a  spring  closing  potential  switch  mounted  on  the  trol- 
ley of  the  ladle  cranes,  connected  direct  to  tiie  motor  ter- 
minals. The  control  circuit  ot  this  switch  is  opened  by  an 
overspeed  governor  in  the  event  of  an  excessive  speed  fran 
an  open  in  the  armature  circuit  or  other  cause.  It  will  be 
noted  that  but  two  series  relays  and  one  cutout  relay  are 
used  on  the  controller  for  all  purposes. 

Table  on  Figure  16  gives  the  ohmic  value  of  various 
points  of  a  controller  on  a  G.E.  MD  105,  50  h.p.,  450  r.p.m. 
motor. 

Figure  17  gives  the  general  scheme  of  the  shunted  field 
type  of  hoist  used  on  all  cranes  during  the  past  3  yean. 
Figure  18  gives  the  sequence  of  operation.  Figure  19  gives 
the  scheme  by  points. 


Fig    18 

There  are  three  series  relays  and  one  cutout  relay  on 
this  hoist.  The  series  relay  in  the  KO-2  circuit  functions 
to  hold  out  D-3  thereby  preventing  a  rush  of  current 
through  the  armature  circuit  before  a  CEMF  could  be  built 
up,  which  would  prevent  the  brake  from  lifting  when  con- 
troller handle  is  moved  quickly  from  the  off  position  to  last 
point  lowering.  This  is  an  inherent  characteristic  of  drum 
type  controllers.  D-1  is  the  emergency  braking  circuit  on 
the  off  position.  P.S.  is  a  spring  closing  potential  switch, 
functioning  as  a  limit  switch  in  conjunction  with  an  over- 
load relay.  Its  crcuit  is  opened  by  an  overtravel  limit 
mounted  on  the  trolley  and  an  instant  later  the  relay  acts 
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>r  disconnecting  the  motor  from  the  line.  CO  relay  dis- 
)nnects  motor  from  the  line  when  load  becomes  overhauling, 
lat  is  when  dynamic  voltage  or  CEMF  has  reached  about 
He  voltage,  when  load  lowers  by  gravity  only. 
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Fig.  19 

This  voltage  does  not  then  exceed  line  voltage,  at  any 
me,  when  controller  handle  is  brought  quickly  to  off  posi- 
on ;  as  will  be  seen  in  Figure  20.    The  speed  of  this  over- 
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hauling  load  can  be  varied  to  suit  the  service  by  dropping 
out  certain  switches. 

Figure  21  gives  the  scheme  used  on  mill  cranes,  load- 
ing cranes,  and  10  and  40-ton  auxiliaries  of  ladle  cranes 
which  is  the  normal  operation  of  the  controller:  this  drop;} 


r^j-^- 


Fig.  21 


nut  KO-l  and  K  fontiit-tor  disuuniiecting  motor  from  the  line 
and  giving  full  fwld.  In  the  ca^e  of  a  45  h.p.  hoist  93% 
loaded,  operating  at  213'r  full-load  hoisting  speed  at  the 
point  of  cutout,  would  give  a  dynamic  speed  of  200%  full- 
load  Aoj-sting  speed. 
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22  gives  the  scheme  used  on  scrap  yard  and  bil- 
let yard  cranes.  This  drops  out  only  KO-1  disconnecting 
motor  from  the  line  leaving  the  field  shunted,  and  in  the 
above  case  would  give  dynamic  speed  of  240%  of  full  load 
hoisting  speed. 

Figure  23  gives  the  scheme  used  on  stripper  hoist,  this 
drops  out  K-0-1  and  D-3  disconnecting  motor  from  the  line 
and  inserting  resistance  section  11-12  in  the  dynamic  loop 
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Fig    24 

and  leaving  the  field  shunted,  this  would  give  in  the  above 
case  a  dynamic  speed  of  280%  of  full  load  hoisting  speed. 

Figure  24  gives  the  scheme  at  instant  of  cutout  when 
load  has  overhauled. 

In  any  case  after  resistance  steps  and  circuits  have  been 
decided  upon  and  arranged,  the  action  of  the  hoist  whether 
loaded  or  light  would  be  positive  and  reliable,  and  the  action 
of  the  hoist  kept  within  safe  limits  under  any  condition  of 
load  within  the  capacity  of  the  crane :   the  lowering  speeds 
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with  a  load  as  pointed  out  being  governed  by  one  cutout 
relay  requiring  no  adjustment.  This  company  has  in  use 
27  of  this  type  of  hoist  used  on  magnet  cranes^  mill  cranes, 
loading  cranes,  ladle  cranes  auxiliaries  stripper  and  bucket 
handling  coal  cranes  using  Brown  Hoist  bucket  with  one  con- 
troller complete  on  the  hoist  line  and  one  controller  com- 
plete on  the  shell  line.  During  the  past  three  years  that 
these  hoists  have  been  operating  a  load  has  never  been  drop- 
ped except  by  broken  cable. 

Without  doubt  all  relays  and  adjustable  apparatus  for 
whatever  purpose,  operate  at  this  convention  but  in  steel- 
mill  practice  with  varying  degrees  of  ability  in  men  looking 
after  and  operating  the  same  equipment,  we  think  the  steel- 
mill  engineers  present  will  bear  out,  that  if  50%  of  all  the« 
adjustable  relays  operate  normally  all  the  time,  a  good  aver- 
age has  been  reached  and  in  the  case  of  the  above  hoist,  if 
CO  relay,  the  series  relay  on  the  KO-2  circuit  operate  all 
the  time,  and  the  overload  relays  are  set  at  10  amps,  per 
horsepower  the  hoist  will  operate  normally  and  give  all  de- 
sired protection,  for  all  loads. 

F.  J.  Burd :  The  classification  and  groups  as  shown  in 
Mr,  Caldwell's  paper  are  generally  known  to  those  familiar 
with  the  construction  and  application  of  electric  overhead 
traveling  cranes  as  employed  by  the  steel  mill  industry. 
However,  it  is  certainly  an  excellent  move  to  get  some  of  the 
data  in  the  records  of  this  Association.  We  will  not  at- 
tempt to  discuss  the  classifications  or  groups  named  nor  the 
description  of  dynamic  braking.  We  all  must  be  quite  con- 
versant with  these  subjects  because  all  of  them  have  receiv- 
ed considerable  attention  from  the  members  of  the  Associa- 
tion during  the  past  few  years.  There  are  no  new  or  novel 
principles  in  the  description  of  dynamic  braking  as  given 
in  the  paper  under  discussion. 

However,  the  method  and  adjustment  limitations  of  the 
resistance  as  described  on  his  11th,  12th  and  13th  pages  do 
not  generally  apply.  They  would  apply,  however,  to  the 
scheme  of  connections  as  shown  on  3rd.  page.  We  have 
special  reference  to  adjusting  the  last  speed  on  the  lowering 
side.  On  the  12th  page  certain  objections  are  recorded 
against  shunting  the  series  field  for  obtaining  a  fast  speed 
lowering  a  light  hook.    These  objections  are  certainly  car- 
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rect  and  the  dangers  described  would  occur  if  the  field  is 
weakened  when  lowering  an  appreciable  overhauling  load 
with  a  heavy  shunt  around  the  series  field. 

On  the  other  hand  it  is  desirable  to  have  a  fair  fast 
speed  for  lowering  light  loads  and  at  the  same  time  not  sac- 
rifice any  other  desirable  features  which  might  be  limited 
by  adjustments  made  to  obtain  the  fast  light  load  lowering 
speeds. 

A  control  scheme  has  long  been  in  use  which  accomp- 
lishes these  results  satisfactorily.  This  scheme  permits 
shunting  the  series  field  on  loads  requiring  power  to  drive 
downward.  On  overhauling  loads  the  fields  cannot  be  shunt- 
ed, therefore  dangerous  lowering  speeds  are  not  obtainable. 

The  arrangement  is  entirely  automatic  and  its  operation 
depends  on  the  action  of  the  motor.  The  connections  of 
this  scheme  are  as  shown  in  Figure  17. 

There  is  just  one  remark  to  make  about  slow  hoisting 
speeds  obtained  by  shunting  the  armature.  On  13th  and 
14th  pages  it  is  advised  to  caution  the  operators  when  handl- 
ing heavy  loads  on  the  slow  speed  points.  Our  comment  is 
to  make  the  control  as  fool-proof  as  possible  and  not  depend 
on  instructions  to  operators.  Usually  these  instructions 
are  forgotten  or  they  go  with  the  first  operator  when  an- 
other one  is  substituted.  As  a  result  an  accident  as  describ- 
ed in  the  paper  may  occur. 

The  proper  adjustment  of  the  magnet  brakes  is  indeed 
very  important.  The  stroke  of  the  magnet  plunger  or  plate 
should  be  adjusted  to  move  the  least  distance  required  to 
release  the  brake.  After  the  band  clears  the  wheel  in  the 
case  of  a  wheel  brake  or  the  pressure  relieved  behind  the 
plate  in  the  case  of  a  disc  brake,  there  is  nothing  gained  by 
pulling  the  releasing  parts  any  further.  When  these  parts 
are  pulled  beyond  this  point  it  only  puts  an  extra  load  on  the 
magnet  in  addition  to  an  unnecessary  jar  which  occurs  when 
the  parts  are  brought  up  against  a  stop  post. 

With  the  shortened  stroke  the  magnet  is  made  strong- 
er by  reason  of  the  shorter  air  gap  and  in  consequence  the 
will  require  less  adjustment  to  take  u*d  wear,  because  of  the 
brake  will  be  released  faster  and  on  less  current.  Also  it 
increased  range  of  the  stroke. 
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In  comparing  dynamic  lowering  with  mechanical  means 
the  former  has  two  serious  objections.  If  the  armature  cir- 
cuit is  opened  when  a  heavy  load  is  hanging  on  the  hoo^ 
the  load  will  be  dropped  unless  the  holding  brake  is  set  quick 
enough  to  catch  it.  We  are  all  quite  aware  of  this  feature. 
Mr.  Caldwell  points  out  that  the  motor  could  not  have  been 
started  with  an  open  in  the  armature  circuit,  therefore  the 
open  circuit  would  have  to  occur  when  actually  lowering  the 
load  in  order  to  drop  it. 

I  beg  to  differ  with  him  on  this  statement.  The  open 
circuit  could  occur  in  stationary  resistance  AB  or  at  some 
of  the  controller  contacts  on  the  lowering  side  and  still  allow 
the  load  to  be  first  hoisted  and  then  dropped  when  attempt- 
ing to  lower  it.  When  lowering,  the  series  field  and  series 
brake  are  connected  across  the  line  independent  of  the  arm- 
ature, therefore  the  brake  can  be  lifted  which  will  release 
the  armature  with  its  load  and  thereby  drop  the  latter. 

I  believe  that  many  of  the  members  are  still  endeavor- 
ing to  find  an  electrical  means  for  stopping  the  motor  in- 
stantly when  an  open  circuit  occurs  in  the  dynamic  loop 
when  lowering.  Up  to  the  present  time  I  do  not  believe 
a  successful  means  has  been  derived  to  meet  the  require- 
ments. However,  a  mechanical  governor  is  frequently  used 
to  obtain  this  protection.  This  governor  is  generally  geared 
to  the  hoisting  mechanism  and  acts  to  set  the  brake  at  a 
predetermined  speed.  Also  standard  crane  practice  is  to 
use  double  collector  bars  for  the  armature  circuit. 

The  second  objection  to  dynamic  braking  is  that  with  a 
heavy  load  hanging  on  the  hook  the  initial  lowering  speed 
is  liable  to  be  quite  high  then  fall  down  and  then  up  again 
to  a  steady  rate  the  latter  being  below  the  initial  speed  and 
the  rate  depending  upon  the  controller  position. 

This  action  is  due  to  the  initial  application  of  power  to 
the  armature  and  its  momentarily  dropping  the  load  before 
sufficient  retarding  torque  is  developed  by  the  flow  of  dy- 
namic braking  current.  The  latter  does  not  start  to  ma- 
terialize for  an  instant  or  so  after  the  armature  starts  ro- 
tating and  generally  depends  upon  the  residual  magnetism 
of  the  fields. 
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On  foundry  or  power  house  cranes,  this  action  is  more 
or  less  objectionable  because  it  frequently  interferes  with  ac- 
curately spotting  a  heavy  load. 

Automatic  deceleration  as  referred  to  in  Mr.  Caldwell's 
paper  is  only  obtainable  by  employing  magnetic  or  semi- 
magnetic  controllers.  On  the  assumption  that  the  majority 
of  crane  hoists  employ  magnetic  control  above  50  h.p.  and 
manual  types  below  that  size,  it  would  seem  that  the  great 
number  of  d3aiamic  braking  manual  controllers  in  use  must 
be  stopping  the  motors  too  fast.     Also  we  would  be  led  to 


Fig.  25 


believe  from  Mr.  Caldwell's  statements  on  his  19th  page  that 
deceleration  protection  is  only  obtainable  with  relays  and 
contactors  especially  used  for  this  purpose. 

In  order  to  check  this  statement,  tests  have  been  made 
on  the  control  scheme  already  referred  to.  This  scheme 
does  not  employ  special  decelerating  contactors  or  relays. 
It  will  be  noted  that  the  brake  coil  is  not  included  in  the 
stopping  circuit,  therefore  the  brake  is  not  delayed  in  set- 
ting by  the  decelerating  current. 
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During  the  stopping  period  from  the  lowering  side,  it 
will  be  noted  that  the  armature  and  series  field  are  closed 
on  each  other  through  resistance  10-11-12  by  contactor  D-1. 
However,  the  brake  does  not  set  instantly  when  the  control- 
ler is  thrown  off  on  account  of  the  inherent  lag  of  its  mag- 
netic circuit,  therefore  the  momentum  of  the  armature  is 
first  reduced  considerably  by  the  dynamic  current  and  fin- 
ally the  brake  usually  sets  just  before  the  armature  is 
stalled. 


Fig.  26 


The  adjustments  on  this  control  at  the  time  the  follow- 
ing tests  were  made,  allowed  the  full  load  to  lower  approxim- 
ately 210%  of  full-load  hoisting  speed  and  a  light  hook  to 
lower  166%  of  the  same  hoisting  speed.  It  would  be  a  simp- 
le matter,  however,  to  increase  either  of  these  speeds  with- 
out seriously  affecting  the  other  because  independent  ad- 
justments are  provided  for  both  as  explained  before. 

This  control  is  used  on  a  15-ton  hoist  driven  by  a  50  h.p, 
series  motor,  the  full-load  hoisting  speed  being  25  ft.  per 
min.    The  curves  about  to  be  shown  were  obtained  with  an 
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Esterline  graphic  ammeter  in  the  armature  circuit.  Curves 
were  taken  with  light  hook,  four  and  fourteen  ton  loads. 
The  purpose  of  these  tests  are  not  to  show  accelerating  or 
running  currents  as  it  is  to  indicate  the  current  peaks  that 
obtain  by  throwing  the  controller  off  quickly. 

In  Fig.  25  you  will  note  that  the  decelerating  peak  is 
140  amps,  above  the  zero  line.  This  peak  is  only  72%  of 
normal  current  and  lasted  approximately  one  second. 

Fig.  26  shows  the  same  test  lowering  a  four  ton  load. 
Note  that  the  decelerating  peak  is  only  120  amps,  above  zero 


Fig.  27 


which  is  only  approximately  60%  of  normal  full-load  cur- 
rent and  lasted  approximately  one  second.  In  this  instance 
the  cutoff  relay  acted  to  disconnect  the  line  therefore  the 
line  voltage  was  eliminated.  In  the  case  of  the  previous  test 
shown  on  Curve  A,  the  line  was  not  disconnected  because 
the  light  hook  was  not  heavy  enough  to  overhaul  the  motor. 

Fig.  27  shows  the  same  test  lowering  a  14-ton  load. 
The  decelerating  peak  is  250  amperes  above  zero  which  is 
only  130%  of  full-load  current  and  lasted  approximately  one 
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second.  The  cutoff  relay  also  disconnected  the  line  drcuit 
in  this  case. 

In  Fig.  28  the  cutoff  relay  was  purposely  blocked  in 
order  to  obtain  the  decelerating  peak  with  the  line  connected 
to  the  motor  while  it  was  lowering  the  fourteen-ton  load. 

Note  that  the  peak  in  this  instance  was  320  amperes 
and  is  practically  instantaneous.  This  peak  is  lG4^/t  of  nor- 
mal-current. Also  note  that  there  was  no  hesitation  about 
making  the  latter  test.  All  the  tests  indicate  currents  well 
below  those  mentioned  on  24th  page  of  Mr.  Caldwell's  paper. 


Fig.  28 

On  account  of  these  decelerating  peaks  being  seemingly 
low,  it  might  be  supposed  that  10-11-12  resistance  is  com- 
paratively high,  thereby  holding  down  the  decelerating 
peaks.  However,  this  can  be  easily  checked  by  noting  the 
quick  stops  (Note  that  Stojia  are  referred  to  and  not  Peaks) 
shown  by  the  curves  and  also  by  Fig.  29  and  speed  data. 

Tliis  shows  current  generated  by  the  armature  when 
tho  latter  is  overhauled  by  the  fourteen-ton  load  which  was 
turned  loose  by  raising  the  brake  by  hand  with  the  controller 
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off.  This  action  left  the  armature,  series  field,  and  resist- 
ance 10-11-12  in  a  closed  loop. 

The  motor  speed  under  this  condition  first  raised  to  700 
r.p.m.  and  then  fell  back  to  450  r.p.m.  and  then  run  quite 
steady  at  this  figure  until  the  load  landed  on  the  ground. 
Surely  450  r.p.m.  could  not  be  counted  as  a  runaway  speed 
and  the  test  also  indicates  that  resistance  10-11-12  is  not 
abnormally  high. 

For  making  these  tests  we  selected  a  crane  comparable 
with  the  one  described  in  Mr.  Caldwell's  paper.    Both  cranes 


Fig.  29 


are  alike  in  capacity  and  size  of  the  hoist  motor.  The  crane 
we  used  for  test  was  billet  yard  crane  No.  3,  Pittsburgh 
Crucible  Steel  Co.,  fifteen  ton  at  25  ft.  per  min.  The  hoist 
motor  is  GE,  MD-105,  50  h.p.  (30  minute  rating)  196  amps., 
450  r.p.m. 

As  indicated  by  the  tests  we  obtained,  we  did  not  get 
the  high  decelerating  currents  as  predicted  by  Mr.  Caldwell 
even  when  stopping  a  fourteen-ton  load. 

D.  M.  Petty:  I  think  Mr.  Caldwell  is  to  be  eongratu- 
ulated  on  this  very  complete  discussion  of  direct-current  and 
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alternating-current  motors  as  applied  to  cranes,  and  my  par- 
ticular criticism  of  the  paper  is  that  he  did  not  leave  any 
point  untouched  for  anyone  to  talk  about,  but  the  discus- 
sions which  have  come  out  since  Mr.  Caldwell  finished  his 
paper  show  that  my  criticism  is  not  justified. 

The  one  remark  I  have  to  make  on  this  subject  is  the 
fact  that  on  any  kind  of  crane  service,  motors  of  50  h.p.  and 
below,  I  do  not  feel  that  the  complicated  systems  of  mag- 
netic control  are  necessary  and  think  since  they  are  not  nec- 
ef  sary,  I  do  not  feel  they  are  desirable.  The  men  who  take 
care  of  these  cranes  in  the  repair-work  in  the  electrical  de- 
partment as  a  general  proposition  have  quite  a  few  cranes  to 
handle,  and  complicated  systems  of  control  are  not  very  well 
fitted  to  getting  out  production  if  it  is  going  to  take  the  re- 
pairman any  length  of  time  to  find  trouble. 

L.  F.  Galbreath:  I  do  not  know  that  I  can  add  very 
much  to  what  has  been  said,  any  more  than  to  point  out  one 
thing  in  regard  to  heating  of  contacts.  When  automatie 
switches  close  they  rebound,  and  draw  an  arc  which  causes 
the  contacts  to  reach  a  very  high  temperature  at  the  points 
vvhere  the  arc  strikes  the  metal.  If  the  metal  is  a  good  con- 
ductor of  heat  and  the  contact  is  large  the  temperature  at 
thesit  points  is  reduced  and  the  contacts  are  not  nearly  so 
liable  to  stick. 

One  advantage  of  manual  control  is  that  the  armature 
can  be  made  to  start  acceleration  earlier  than  in  the  auto- 
matic control.  This  is  due  to  the  magnetic  lag  in  the 
switches. 

H.  D.  James:  The  very  complete  exposition  of  the'  sub- 
ject by  the  author  clearly  brings  out  the  advantages  that 
could  be  derived  if  the  Association  of  Iron  &  Steel  Electrical 
Engineers  could  agree  upon  standard  equipments  for  their 
various  cranes.  This  standardization  could  be  extended 
even  further  and  made  to  cover  many  of  the  floor  control- 
lers. 

Mr.  Caldwell  speaks  of  a-c.  drum  controllers  of  from 
4  to  6  points  for  bridge  and  trolley  service,  and  of  8-10  and 
12  point  controllers  for  hoists.  For  his  magnetic  control- 
lers he  recommends  6-7-8  points  for  hoisting.  Another  large 
company  is  offering  drum  controllers  in  6-9-12  and  15  points 
and,  undoubtedly,  there  are  other  variations  on  the  market 
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If  you  could  standardize  on  two  controllers  for  trolley 
and  bridge  service  and  two  different  controllers  for  hoists, 
or  possibly  three,  when  we  consider  magnetic  contactors, 
considerable  advantage  would  result  from  having  your  re- 
sistors for  these  controllers  interchangeable.  It  is  true  that 
resistors  can  be  provided  with  additional  points  so  that  they 
may  be  connected  to  a  controller  with  four  or  five  notches. 
However,  it  adds  to  the  cost  and  complication  of  such  re- 
sistors. I  do  not  believe  that  the  advantages  obtained  by 
such  a  small  variation  in  the  number  of  points  is  of  suffici- 
ent value  to  pay  for  the  complications  involved.  The  manu- 
facturers of  controllers  undoubtedly  have  developed  appara- 
tus with  a  fixed  number  of  points,  but  I  believe  that  ar- 
rangements could  be  made  to  have  the  various  manufac- 
turers list  controllers  with  the  points  agreed  upon  by  your 
Association. 

Confusion  often  is  caused  in  the  minds  of  purchasing 
agents  by  various  competitors  arguing  that  they  are  fur- 
nishing one  more  point  of  control,  and  therefore  should  have 
the  preference  in  price.  This  leads  competition  to  carry  in 
stock  several  controllers  for  each  size  of  motor,  thereby  in- 
creasing the  time  of  delivery  to  the  purchaser  for  such  con- 
trollers. 

In  specifying  the  resistors  for  crane  service,  specifica- 
tions could  be  drawn  up  by  your  Association  covering  vari- 
ous kinds  of  service  and  some  designating  symbol  given  to 
these  various  resistors  so  that  if  the  engineer  specified  Re- 
sistor No.  10  or  Class  3,  or  by  some  other  symbol,  it  would 
be  understood,  not  only  by  your  purchasing  department  but 
by  the  manufacturers  furnishing  these  resistors,  and  you 
would  obtain  a  uniform  product.  If  you  then  had  standard- 
ized on  the  number  of  points,  the  resistors  purchased  from 
manufacturing  companies  would  be  interchangeable  and  the 
variety  of  resistors  carried  in  stock  could,  I  believe,  be  ma- 
terially reduced.  Such  an  arrangement  would  also  enable 
the  manufacturers  to  place  these  resistors  in  their  own 
stock,  reducing  the  time  of  delivery  and  difficulties  in  order- 
ing. It  would  further  tend  to  give  you  a  uniform  price  for 
such  product. 

If  your  Association  would  consider  not  only  cranes  but 
motors  for  all  of  your  general  applications;  laying  out  the 
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class  of  service,  the  range  of  horse  power  and  the  control 
and  resistor  requirements,  it  is  probable  a  much  smaller 
variety  of  controllers  and  resistors  could  be  used.  For  in- 
stance, a  7  or  8  point  drum  controller  is  applied  to  other  mo- 
tors besides  crane  motors.  If  you  had  two  or  three  differ- 
ent resistors  arranged  for  this  particular  controller,  and 
tabulated  the  applications  for  the  combination,  it  might  re- 
sult in  a  material  reduction  in  the  apparatus  now  maintain- 
ed by  you.  I  will  be  very  glad  to  assist  your  Association 
in  any  way  possible  towards  such  a  standardization. 

The  presentation  of  the  subject  of  crane  controllers  by 
Mr.  Caldwell  brings  out  the  small  differences  that  are  creep- 
ing into  our  applications.  There  is  always  a  tendency  to 
go  into  refinements  and  multiply  the  variety  of  apparatus  to 
a  point  where  the  cost  is  out  of  proportion  to  the  results 
obtained.  On  the  other  hand,  standardization  should  be 
flexible  enough  to  allow  well  considered  improvements. 
Any  proposed  change,  however,  should  be  accompanied  by  a 
sufficient  argument  to  prove  its  worth  before  it  is  admitted 
as  an  additional  standard.  If  such  a  set  of  standards  were 
Adopted  by  your  Association  for  steel  mills  it  would  mean 
that  any  changes  in  these  standards  would  be  tried  out  and 
approved  before  being  adopted.  In  this  way  a  great  deal 
of  experimental  work  at  various  mills  could  be  eliminated. 

About  a  year  ago  Mr.  Henderson  read  a  paper  before 
your  Pittsburgh  Section  somewhat  along  these  same  lines, 
and  I  feel  it  is  really  worthy  of  serious  consideration,  as  it 
would  be  a  help  not  only  to  the  manufacturers,  but  a  help 
to  you.  You  are  the  men  who  are  to  determine  what  your 
requirements  are  to  be,  and  the  manufacturers  are  merely 
endeavoring  to  supply  the  apparatus  as  specified  by  you.  We 
are  glad  to  help  you  in  testing  your  cranes,  and  would  be 
glad  to  add  our  experience  to  yours,  but  you  are  the  pur- 
chasers who  are  using  this  apparatus,  and  are  the  ones  best 
qualified  to  say  what  requirements  should  be  met.  For  one, 
I  would  be  glad  to  assist  in  any  way  in  furnishing  data,  but 
I  do  not  believe  the  manufacturers  want  to  determine  this 
for  you.     We  would  like  to  have  you  determine  it. 

W.  T.  Snyder:  We  will  have  a  meeting  of  the  Stand- 
ardization Committee  in  Pittsburgh  in  November  or  Decemb- 
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er,  and  we  would  be  glad  to  have  you  present  at  that  meet- 
ing, Mr.  James. 

John  C.  Reed:  There  is  one  scheme  of  dynamic  brak- 
ing on  controllers  which  I  wish  to  call  attention  to,  and  that 
is  the  very  simple  one  of  placing  a  series  lock-out  switch  or 
relay  in  the  lowering  circuit  of  the  straight  reversing  con- 
troller, causing  part  of  the  current  to  by-pass  the  armature 
through  some  resistance.  This  simple  device  I  found  very 
useful  on  the  auxiliary  hoist  of  ladle  cranes,  since  it  does 
not  Interfere  with  the  rapid  lowering  of  the  hook,  and  at  the 
same  time  it  does  provide  a  very  effective  means  of  pre- 
venting overspeeding  when  the  hoist  is  loaded.  This  con- 
nection will  stop  the  rapid  acceleration  very  quickly  and 


Fig.  30 

cause  the  load  to  descend  slowly  and  in  order  for  the  opera- 
tor again  to  speed  up,  he  must  pull  his  controller  to  the  off 
position  and  start  over  again. 

Referring  to  the  diagram,  Figure  30,  the  series  lock-out 
relay  is  connected  in  the  lowering  circuit  and  if  the  speed 
gets  too  high,  the  current  will  drop  sufficiently  to  cause  it 
to  close,  which,  in  turn,  will  close  the  current  through  the 
operating  coil  of  solenoid  switch  "S*^  which  shunts  the  slow- 
down resistance  across  the  armature.  A  dynamic-braking 
circuit  is  thus  formed  which  will  slow  down  the  hoist.  This 
arrangement  will  prevent  the  bursting  of  armatures  and  I 
have  found  it  very  useful  on  soaking  pit  cranes,  it  being 


290  DISCUSSION:    CONTROL  OF  CRANE  MOTORS 

possible  to  set  the  relay  so  that  it  will  not  interfere  with 
the  lowering  of  the  tongs  when  empty  but  will  act  when 
holding  an  ingot.  This  same  arrangement  can  be  used  suc^ 
cessfuUy  on  table  motors  in  which  case,  the  relay  must  be 
located  in  the  line  so  that  it  will  work  in  both  directions 
of  rotation.  It  is  also  possible  to  use  lock-out  contactors 
which  greatly  simplifies  the  controller. 

C.  D.  Gilpin :  I  think  the  manufacturers  of  cranes  and 
charging  machines  will  particularly  welcome  a  paper  of  this 
sort.  We  receive  inquiries  from  various  steel  plants  re- 
garding apparatus  concerning  which  we  get  very  diverse 
specifications  as  to  control.  One  man  will  ask  for  five  speed 
points  on  his  bridge  motion,  and  another  man  will  want  one 
point.  Some  do  not  specify  anything,  and  we  have  to  make 
a  more  or  less  intelligent  guess.  If  you  will  boil  things 
down  a  little  it  will  save  us  a  lot  of  trouble. 

There  is  one  point  which  has  not  been  brought  up,  and 
yet  it  is  a  point  which  you  are  all  familiar  with,  and  that 
is  the  double  motor  drive  for  a  crane  or  charger.  Our  com- 
pany has  turned  out  many  machines  of  this  type,  in  which 
the  armatures  and  fields  are  connected  in  parallel,  which 
makes  the  control  very  simple.  As  far  as  I  know  there  has 
been  no  trouble  experienced  with  these  machines.  I  would 
like  to  know  what  the  opinion  of  steel-mill  electrical  engin- 
eers is  on  this  scheme.  I  have  heard  it  criticised,  but  on 
the  other  hand,  there  are  also  troubles  where  you  have  sep- 
arate reversers  for  the  armatures. 

There  is  a  statement  about  dynamic  braking  in  Mr. 
Caldwell's  paper  which  seems  to  have  caused  a  good  deal 
of  controversy.  The  criticism  was  made  that  separate  re- 
lays for  dynamic  braking  are  not  necessary  or  desirable.  I 
do  not  know  about  that  on  small  machines,  but  I  know  that 
on  large  ones  they  are  occasionally  very  desirable.  I  think 
Mr.  Caldwell's  point  was  well  taken. 

As  I  understand  it,  you  gentlemen  are  going  to  have  a 
meeting  of  the  Standardization  Committee  sometime  this 
Fall,  and  if  there  is  anything  that  our  company  can  do  to 
help,  I  know  we  will  be  very  glad  to  do  so.  I  think  all  of 
the  manufacturers  of  these  machines  would  also  like  to  do 
what  they  can. 
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R  E.  Ludwick:  I  agree  with  Mr.  Gilpin  and  Mr.  James 
that  the  crane  builders  have  not  much  to  say  about  the  con- 
trol equipment  that  goes  on  their  cranes.  In  many  cases, 
the  men  in  the  steel  mills  are  buying  their  own  equip- 
ment and  we  never  see  them.  In  other  cases,  where  we  do 
buy  them,  we  are  entirely  dependent  on  the  controller  manu- 
facturer to  give  them  the  right  controller. 

There  is  one  instance  I  will  refer  to  which  embodies  a 
very  good  scheme.  One  of  the  manufacturers,  particular- 
ly in  dynamic  braking,  makes  us  give  them  the  size  of  all 
of  our  gears  and  pinions  and  the  number  of  directions  in 
our  hoist,  and  they  work  it  out  then  to  give  the  proper  speed 
control,  I  suppose. 

There  is  another  thing  I  would  like  to  talk  about,  and 
that  is  your  speeds.  I  do  not  believe  there  are  any  two 
mills  which  will  come  in  with  the  same  specifications  for 
the  same  hoisting  speed  or  bridge  speed  for  identically  the 
same  kind  of  service.  Take  a  simple  case  we  are  familiar 
with,  and  that  is  with  a  skull  cracker.  There  are  many 
who  want  to  work  their  skull  crackers  at  full  speed — work 
them  at  60  feet  a  minute,  and  in  some  cases  work  them  at 
125  feet  a  minute,  and  some  think  they  work  fast  enough 
at  40  feet  a  minute.  It  is  the  same  with  all  cranes,  scrap 
handling  cranes,  bucket  cranes,  etc.,  there  are  few  of  the 
companies  which  come  in  with  specifications  giving  the  same 
speed. 

I  suppose  that  matter  will  come  up  before  the  Stand- 
ardization Committee  at  its  meeting  Mr.  James  speaks  of, 
but  it  would  help  the  crane  builders  considerably  if  the  mills 
would  work  to  some  standard  speed. 

R.  H.  McClain:  There  are  two  common  types  of  over- 
load relays  available  for  crane  service — the  instantaneous 
relay  and  the  inverse  time  limit  relay.  The  purpose  of  this 
article  is  to  discuss  the  proper  field  of  application  for  these 
two  types  of  relays. 

There  are  four  kinds  of  protection  which  an  overload 
relay  can  provide  under  ordinary  working  conditions  in  a 
crane: 

1 — A  short  circuit. 

2 — ^An  overload  caused  by  broken  or  jammed  machin- 
ery after  the  machinery  has  started. 
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3 — Abuse  of  the  motor  due  to  too  rapid  starting. 

4 — Overloads  due  to  broken  or  jammed  machinery  while 
in  the  act  of  starting. 

Undoubtedly  an  instantaneous  overload  relay  is  the  best 
thing  for  opening  up  a  short-<^ircuit  because  it  is  advantage- 
ous to  remove  a  short-circuit  from  the  line  as  quickly  as 
possible. 

In  case  motors  are  to  be  protected  against  accidents  to 
the  machinery  after  it  is  once  up  to  speed,  as,  for  example, 
colUsions,  hard  places  to  get  by,  going  around  comers,  or 
broken  machinery,  the  instantaneous  relay  is  preferable  be- 
cause just  as  in  the  case  of  a  short-circuit,  the  quicker  the 
power  is  shut  off  the  better. 

To  protect  a  motor,  which  is  controlled  by  a  manual 
controller,  from  abuse  due  to  too  rapid  starting,  it  is  prac- 
tically always  necessary  to  use  an  instantaneous  relay.  Let 
us  take  an  example  of  a  motor  which  is  hoisting  100%  load. 
Ijet  us  assume  that  it  is  proper  to  start  this  motor  in  four 
seconds'  time  and  that  the  peaks  will  be  200%  load.  A  time 
limit  overload  relay  could  be  used  with  its  adjustments  so 
arranged  that  it  would  trip  out  on  125%  load  in  say  ten  sec- 
onds; 200%  load  in  four  seconds;  300%  load  in  two  seconds. 
Now,  with  a  manual  controller  the  operator  could  turn  his 
controller  on  twice  as  quickly  as  was  proper  and  draw  a 
300%  load,  but  when  drawing  a  300%  load  he  would  get 
started  in  two  seconds;  therefore  the  relay  would  not  pre- 
vent him  from  abusing  the  motor.  If  an  instantaneous  re- 
lay were  used,  set  for  250%  load,  the  power  would  be  shut 
off  if  he  should  try  to  exceed  his  proper  limits.  If  magnetic 
control,  with  current  Hmit  relays,  is  used,  there  is  of  course 
no  advantage  in  using  an  overload  relay  at  all  for  protect- 
ing against  abusive  peaks  on  the  motor  so  long  as  the  mag- 
netic control  is  in  good  condition  because  the  current  limit 
relays  do  this.  Therefore,  a  time  limit  relay  is  of  no  ad- 
vantage because  it  would  not  protect  the  motor  any  differ- 
ently in  case  current  limit  relays  were  in  bad  condition  than 
it  would  for  a  manual  controller,  whereas  the  instantaneous 
relay  would  trip  out  immediately  that  the  current  limit  re- 
lays began  to  skip. 

When  it  is  desired  to  protect  a  motor  against  burnout 
due  to  machinery  which  starts  hard  occasionally,  the  time 
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limit  relay  has  the  advantage  provided  magnetic  control  is 
being  used.  Let  us  assume  a  dead  load  which  is  normally 
100%  and  a  magnetic  controller  arranged  to  start  with 
200%  peaks  for  two  seconds;  the  time  limit  relay  set  to  trip 
out  on  150%  load  after  five  seconds.  Let  us  suppose  that 
the  motor  fails  to  start  and  that  the  controller  permits  200% 
current  to  flow  but  the  current  limit  relays  will  not  allow 
any  more  current  to  flow.  The  time  limit  relay  will  cut  off 
power  and  save  the  motor  after  five  seconds,  whereas  if  an 
instantaneous  relay  were  used,  it  would  be  necessary  to  set 
this  relay  for  about  225  or  250%  current,  and  it  would  never 
trip  out  under  these  conditions.  Consequently  either  the 
motor  or  the  resistance  would  bum  out  unless  attended  to 
by  the  operator. 

I  would  say  that  I  believe  the  instantaneous  overload 
relay  is  the  most  valuable  and  practical  protection  for  crane 
motors.  Of  course  complete  protection  will  consist  of  a  com- 
bination of  some  time  limit  overload  relays  and  some  instan- 
taneous relays,  but  before  going  to  such  complications  I 
think  it  is  better  to  put  plenty  of  margin  into  the  motors, 
use  instantaneous  overload  relays  and  set  them  at  high  en- 
ough value  not  to  give  annoyance  due  to  frequent  stopping 
on  slight  overloads. 

When  it  is  stuck  and  you  try  to  start  it,  you  could  draw 
200  per  cent,  overload  with  a  magnetic  controller,  and  yet 
not  trip  out  an  instantaneous  relay.  You  could  leave  the 
motor  in  that  condition  long  enough  to  bum  it  out,  whereas 
a  time  relay  set  for  low  value  of  current  would  trip.  That 
seems  to  be  the  only  case  where  a  time  limit  relay  is  ad- 
vantageous. 

In  regard  to  standardization,  I  would  like  to  ask  what 
is  the  opinion  of  the  people  present  about  standardizing  the 
number  of  overload  relays  to  use  on  crane  protective  pan- 
els? Take  a  crane  which  does  not  have  any  magnetic 
switchboards  on  it;  should  you  use  two  relays  for  motor;  or 
one  relay  per  motor;  or  one  relay  per  motor  and  one  main 
line  relay;  or  two  relays  per  motor;  or  two  main  line  relays? 

I  would  like  to  mention  here  the  use  of  pump  handles 
on  controllers  instead  of  the  ordinary  horizontal  handle  or 
vertical  handle.  If  you  use  the  pump  handle,  a  man  can 
have  the  straight  up-and-down  motion,  he  is  braced  to  pull 
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a  lot  more  than  he  can  pull  sidewise,  and  therefore  it  is 
easier  to  operate,  although  the  work  done  is  the  same.  An- 
other advantage  is  that  you  can  group  the  controllers,  as 
many  as  six,  and  the  operator  can  have  full  view  of  his 
work  because  all  of  the  operating  mechanism  is  behind  him. 
I  would  be  interested  to  know  what  some  of  you  have  to  say 
about  such  a  handle.  It  is  worked  on  all  sorts  of  unloading 
machinery,  steam  hoists  especially. 

Referring  to  Mr.  Burd's  discussion  of  Mr.  ^  Caldwell's 
paper,  Mr.  Burd  discusses  a  method  of  shunting  some  re- 
sistance around  the  series  field  of  the  motor  in  order  to 
weaken  the  field  of  the  motor,  and  thereby  speed  up  the  mo- 
tor when  lowering  an  empty  hook.  Mr.  Caldwell  has  dis- 
cussed a  method  of  inserting  resistance  into  series  with  the 
motor  field  in  order  to  weaken  the  field  and  get  the  same 
result  In  high  speed  on  the  motor.  Under  theoretically  peat- 
feet  conditions  it  makes  no  difference  to  the  motor  whetiier 
you  weaken  its  field  by  shunting  some  resistances  aroood 
the  field,  or  by  inserting  resistance  in  series.  The  current 
through  the  field  is  the  same  in  either  case,  and  causes  the 
same  speed.  However,  under  practical  conditions  which  ob- 
tain in  a  crane,  there  is  a  certain  amount  of  variation  in 
resistance  of  trolley  wires  due  to  the  motion  of  the  carriage 
from  one  end  of  the  crane  to  the  other  and  there  is  a  certain 
amount  of  variation  in  contact  resistance  between  the  shoes 
and  the  trolleys  due  to  dust,  oxide  and  other  causes.  Now, 
where  a  shunt  around  the  field  is  used,  this  shunt  will  take 
very  much  more  than  its  share  of  the  current  when  there 
is  a  slight  change  in  the  shoes  or  trolley  resistance.  This 
will  cause  the  field  to  take  a  correspondingly  very  much  less 
amount  of  current  than  it  should.  On  this  account,  the 
shunt  is  a  source  of  more  or  less  danger  and  of  more  or  less 
variation  from  desired  speed  conditions.  When  the  field  is 
weakened  by  inserting  resistance  in  series  with  it,  a  slight 
change  in  trolley  resistance  or  contact  resistance  makes 
practically  no  difference  at  all  in  the  strength  of  the  current 
going  through  the  field.  To  take  the  most  exaggerated 
case  where  a  shunted  field  is  used  and  where  the  contact 
resistance  becomes  very  high,  we  could  have  the  condition 
of  a  motor  running  away  and  yet  have  the  series  brake  held 
released  by  the  current  which  is  passing  through  the  shunt 
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resistance.  If  only  a  series  resistor  were  used  and  if  the 
field  became  very  weak  due  to  an  extremely  high  contact 
resistance  or  even  an  open  circuit  in  the  contact  resistance, 
the  series  brake  would  set,  or  in  other  words,  this  shunt 
around  the  field  adds  another  source  of  danger.  Further- 
more to  weaken  a  field  by  shunting  resistance  around  it, 
causes  more  current  to  be  drawn  from  the  line  than  by  in- 
serting resistance  in  series  with  the  field. 

I  would  like  to  ask  if  any  actual  tests  have  been  made 
to  show  the  difference  in  speed  when  the  carriage  is  in  the 
vicinity  of  the  crane  cab  as  compared  with  it  being  in  the 
vicinity  of  the  far  end  of  the  crane. 

Another  thing  of  very  great  interest  in  Mr.  Burd's 
discussion  is  the  small  amount  of  power  shown  in  his  curve 
as  being  required  to  stop  the  load.  A  hasty  glance  at  the 
curve  shows  something  like  60  to  70%  of  full-load  current 
as  being  required  for  less  than  a  second  to  stop  the  load. 
The  fly-wheel  effect  of  the  MD-105  hoist  motor,  which  was 
under  test,  is  well  known  and  it  is  a  simple  matter  to  get  at 
the  fly-wheel  effect  of  the  other  parts  of  this  crane.  It 
seems  unreasonable  to  me  that  the  controller  could  have 
stopped  such  a  heavy  fly-wheel  effect  with  such  a  small 
amount  of  pounds-feet-seconds  as  are  represented  by  Mr. 
Burd's  curve,  therefore,  I  am  forced  to  the  conclusion  that 
the  solenoid  brake  must  have  been  called  on  to  do  the  real 
work  of  stopping.  This,  of  course,  represents  a  condition 
which  is  to  be  avoided  because  one  of  the  main  purposes  of 
dynamic  braking  on  a  crane  hoist  is  to  relieve  the  mechanical 
brakes  of  wear  so  that  the  mechanical  brakes  will  be  in  good 
condition  for  holding  or  stopping  the  load  in  emergencies. 

Mr.  Burd's  statement  that  the  load  will  be  lowered  at 
full-speed  if  the  solenoid  brake  were  raised  by  hand  when 
the  controller  handle  was  at  the  off-position  is  another  proof 
of  the  fact  that  the  dynamic  braking  did  not  do  any  of  the 
work  required  for  stopping  the  motor  from  full-speed  down 
to  zero-speed. 

In  regard  to  Mr.  Gilpin's  statement  that  current  limit- 
ing relays  are  required  in  deceleration,  I  have  had  consider- 
able experience  with  lowering  heavy  loads,  and  it  has  been 
my  experience  that  the  relays  are  required  on  heavy  loads, 
that  they  should  preferably  be  set  for  a  lower  value  of  cur- 
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rent  than  for  accelerating.  For  instance,  if  they  accelerate 
on  125  per  cent,  they  should  decelerate  on  75  per  cent,  load, 
or  something  considerably  less.  It  improves  the  commuta- 
tion in  the  motor. 

It  does  seem  to  me  if  current  limit  is  valuable  for  ac- 
celeration, and  saves  the  commutator  of  the  motor,  it  would 
be  valuable  for  deceleration,  for  the  same  reason.  Of 
course,  manual  controllers  do  not  have  it  on  deceleration, 
neither  do  they  have  it  on  acceleration,  and  that  is  one  of  the 
objections  to  manual  controllers.  It  is  not  always  a  vital  ob- 
jection, of  course,  because  many  are  used  successfully. 

With  regard  to  the  scheme  mentioned  by  Mr.  Reed,  it 
certainly  is  a  simple  scheme  for  doing  the  work  when  it  is 
only  occasionally  that  you  have  to  do  any  dynamic  braking 
and  when  that  amount  of  dynamic  braking  is  relatively 
small.  You  might  say  it  avoids  the  necessity  of  going  to 
more  complicated  systems,  when  you  do  not  need  to  have 
them,  and  it  works  out  in  a  lot  of  installations  other  than 
cranes  and  steel  mills. 

In  regard  to  resistances  for  dynamic  braking  and  con- 
trollers, as  mentioned  by  Mr.  Ludwick,  who  mentioned  the 
fact  that  it  might  be  advisable  to  go  very  thoroughly  into 
the  type  of  the  crane  and  of  the  loads  to  be  handled,  that 
is  advisable  where  conditions  are  at  all  special  or  liable  to 
be  very  difficult,  but  I  think  it  is  very  well  to  try  to  stand- 
ardize on  a  set  of  resistances  and  control  connections,  so 
that  this  does  not  have  to  be  done  in  the  vast  majority  of 
cases. 

I  think  if  some  of  the  curves  mentioned  in  Mr.  Cald- 
weirs  paper  are  taken  proper  note  of,  any  steel-mill  man 
knowing  his  conditions  could  pick  out  a  controller  to  give 
the  proper  amount  of  torque,  and  also  the  proper  amount  of 
speed,  after  making  the  calculations.  I  refer  now  only  to 
standard  work. 

C.  T.  Henderson :  Mr.  Caldwell  points  out  a  fact  which 
is  well  known  to  all  of  us — the  great  advantage  of  the  d-c. 
crane  over  the  a-c.  crane  is  the  fact  that  on  light  loads  it 
automatically  speeds  up.  That  is  a  very  important  advant- 
age. An  inherent  characteristic  of  all  dynamic  braking  con- 
trollers I  have  seen,  and  I  think  of  all  that  have  been  de- 
vised, is  that  the  lowering  speed  is  inversely  proportional  to 
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the  load ;  that  is,  when  you  get  heavy  loads  they  tend  to  go 
down  fast  and  when  you  have  a  light  load  it  tends  to  go  down 
slowly.  That  is  just  the  opposite  of  the  valuable  character- 
istic associated  with  the  d-c.  crane  in  hoisting. 

As  a  result,  ever  since  d3mamic  brake  control  began  to 
be  introduced  in  this  country,  there  has  been  a  cry  for  high 
lowering  speed.  The  greatest  criticism  that  has  been  made 
of  the  dynamic  braking  on  d-c.  cranes  is  the  fact  that  the 
lowering  speeds  were  not  great  enough,  and  those  who  ad- 
opted the  dynamic  brake  control  systems  were  sacrificing 
too  much  speed. 

There  are,  as  I  see  the  situation,  just  two  ways  in  which 
high  lowering  speeds  can  be  obtained.  One  is  by  increas- 
ing the  resistance  included  in  the  dynamic  braking  circuit, 
and  the  other  by  shunting  the  series  field.  The  great  ad- 
vantage of  shunting  the  series  field,  rather  than  increasing 
the  resistance  included  in  the  dynamic  braking  circuit  is  that 
you  do  not  disturb  your  adjustment  for  hoisting. 

Every  crane  operator  sooner  or  later  gets  his  resistance 
so  that  the  empty  hook  will  just  rise  nicely  on  the  first 
point  of  control  in  hoisting,  and  that  is  what  he  wants.  In 
a  great  many  cases  if  the  hoisting  resistance  is  increased 
with  the  idea  of  getting  a  high  lowering  speed,  it  may  be 
necessary  to  throw  the  controller  to  the  second  or  third 
point  of  hoisting  before  the  hook  will  start.  It  is  this  fact 
which  leads  me  to  believe  that  the  shunting  of  the  series 
field  is  the  preferable  scheme. 

Mr.  McLain  raises  a  question  which  to  me  appears  to 
be  more  or  less  hsrpothetical,  as  to  the  variation  of  the  low- 
ering speed  occasioned  by  the  position  of  the  crane  trolley 
with  relation  to  the  resistance  for  shunting  the  series  field. 
I  have  never  made  any  measurements  along  that  line,  be- 
cause when  I  have  observed  cranes  with  the  idea  of  seeing 
whether  such  tests  were  desirable  I  have  not  been  able  to 
see  that  there  was  any  material  difference.  If  there  was  a 
difference  it  was  so  small  as  to  be  practically  unnoticeable 
without  the  aid  of  instruments,  and  under  those  conditions 
it  did  not  appear  to  me  to  be  worth  while  to  make  the  test. 

The  use  of  current  limit  retardation  in  the  dynamic 
braking  circuit  certainly  is  more  important  on  large  motors 
than  on  small.    The  reason  for  that  is  quite  obvious;  the 
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larger  the  motor  the  lower  the  resistance  of  its  armature 
and  connections,  and  consequently  the  greater  the  possible 
peaks.  The  line  of  demarcation  between  those  motors  on 
which  the  automatic  current  limit  retardation  is  necessary 
and  those  motors  on  which  automatic  current  limit  retard- 
ation is  not  necessary,  seems  to  be  at  about  50  h.p.,  and  that 
is  apparently  a  proper  limit  for  manually  operated  control- 
lers. 

It  is  my  feeling,  therefore,  that  while  the  current 
limit  retardation  by  automatic  means  is  highly  desirable  on 
motors  above  50  h.p.,  I  do  not  believe  we  need  to  worry  about 
it  on  motors  of  50  h.p.  or  less. 

Mr.  McLain  brings  up  the  question  of  commutation  on 
these  motors.  He  says  if  current  limit  acceleration  is  de- 
sirable that  current  limit  retardation  is  equally  desirable. 
That  is  true  in  a  way,  but  not  entirely  true.  The  maximum 
peak  in  the  dynamic  braking  circuit  on  the  ordinary  dy- 
namic brake  controller  comes  when  the  controller  is  thrown 
to  the  off  position.  The  maximum  current  must  be  com- 
mutated,  therefore,  when  the  motor  armature  is  revolving 
at  relatively  low  speed  and  the  potential  across  the  motor 
armature  is  relatively  small.  Under  these  conditions  the 
motor  will  successfully  commutate  more  current  than  when 
operating  at  higher  speeds  and  higher  e.m.f .  I  do  not  be- 
lieve we  need  to  worry  as  much  about  the  dynamic  braking 
peak  as  the  accelerating  peak,  but,  on  the  other  hand,  as  I 
have  already  said,  I  believe  it  is  desirable  to  provide  for  the 
limitation  of  these  peaks  on  motors  of  what  might  be  called 
relatively  large  capacity. 

It  is  rather  interesting  to  note  that  the  pump  handle 
control  which  Mr.  McLain  has  suggested  is  very  widely  used 
in  England  and  has  been  for  several  years.  It  is  also  used 
quite  widely  in  Cfermany,  and  I  believe  it  has  been  suggest- 
ed for  use  in  this  country  on  many  occasions,  but  according 
to  my  observation  it  never  seems  to  have  taken  very  well. 
My  own  personal  feeling  is  that  it  has  many  desirable 
characteristics,  but  I  do  not  believe  it  will  ever  take  very 
well  here. 

George  W.  Richardson:  I  have  tried  almost  all  kinds 
of  dynamic  braking,  from  taking  a  2-series  field  off  a  4- 
polc  machine,  and  putting  two  shunts  on,  using  the  shunt 
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for  lowering  and  the  series  field  for  raising.  The  whole 
complaint,  as  Mr.  Henderson  says,  is  in  reference  to  the  slow 
speed.  I  took  off  a  djmamic  brake  on  a  machine-shop  crane, 
where  we  were  unfortunate  enough  not  to  have  auxiliary 
[loists,  and  we  could  not  make  use  of  dynamic  brake,  due  to 
the  speeds  at  light  loads,  and  incorporated  a  scheme  exactly 
like  the  one  Mr.  Reed  has  shown  on  the  board,  and  we  got 
&k>ng  with  that  very  well  for  that  particular  crane.  Of 
:;ourse,  there  are  some  cranes  where  it  would  be  necessary 
to  have  dynamic  braking,  that  operates  nearly  full  load  all 
th6  time. 

I  find  a  considerable  lot  of  trouble  with  the  resistances 
we  get  with  d3mamic  lowering,  due  to  their  not  standing  up 
30  well.  They  send  a  resistance  suitable  for  a  25-h.p.  motor, 
and  we  soon  bum  the  resistance  off,  and  after  a  consider- 
able amount  of  trouble,  especially  with  the  resistance,  we 
put  in  a  new  and  heavy  resistance. 

So  far  as  the  djoiamic  braking  circuit  allowing  the 
annatures  to  run  away,  we  thought  of  that,  and  have  in 
some  cases  put  in  a  relay  to  take  care  of  the  main  line  cir- 
cuit to  throw  it  off  the  moment  anything  breaks  in  the 
d3mamic  circuit. 

There  are  a  number  of  cranes  which  we  have  on  which 
we  would  not  put  a  dynamic  brake,  some  are  working  nicely 
without  it.  The  first  application  of  dynamic  braking  we 
had  many  years  ago  in  our  repair  shop.  We  did  not  have 
any  brakes  to  use.  We  were  racing  the  commutators  and 
tearing  them  apart,  and  after  we  put  in  a  little  resistance 
in  the  old  type  control  it  eliminated  that  trouble.  Those 
conditions  were  all  right  for  light  loads  on  small  hoists  that 
we  did  not  have  to  hoist  very  high. 

I  had  one  peculiar  case  where  we  used  a  dynamic  brake 
along  with  a  load  brake,  and  it  worked  very  nice.  I  sup- 
pose it  is  due  to  the  load  brake  being  so  much  worn  it  allows 
it  to  slip,  and  we  do  not  have  any  trouble.  In  the  particular 
crane  I  am  speaking  of  I  have  had  some  heavy  loads  put  on 
it,  a  25-ton  crane,  and  we  handle  those  loads  very  neatly, 
not  having  any  other  but  the  one  series  electric  brake  on  it. 

T.  E.  Tynes:  Mr.  Snyder  asked  a  question  in  regard  to 
controlling  cranes  on  floors.  We  have  one  10-ton  crane 
operating,  which  is  controlled  from  the  floor  by  automatic 
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control  and  dynamic  braking,  and  so  arranged  that  if  the 
operator  should  stumble  or  faint,  the  crane  is  automatically 
shut  down  and  brought  to  a  stop.  That  crane  is  of  10- 
ton  capacity,  but  the  principle  involved  would  apply  to  a 
25-ton  or  a  50-ton  or  a  100-ton  crane,  so  far  as  I  can  see, 
and  I  have  no  hesitation  in  saying  you  can  control  these 
large  size  cranes  efficiently  and  safely  from  the  floor. 

F.  R.  Fishback:  In  what  I  am  going  to  say,  I  would 
rather  not  have  it  taken  as  a  criticism  of  anything  said  in 
the  discussion  this  afternoon,  but  I  cannot  help  thinking  of 
what  Judge  Olson  told  us  last  night  about  studying  x)eople's 
characteristics  in  order  to  get  a  line  on  their  conduct.  If 
your  Standardization  Committee  is  going  to  draw  up  rules 
for  selecting  speed-points,  motor  design,  number  of  over- 
loads on  a  crane  switchboard,  etc.,  my  suggestion  would  be 
to  form  a  Committee  of  Psychological  Experts  to  standardize 
men's  minds  first.  Until  you  do  that,  you  cannot  stand- 
ardize on  the  number  of  speed-points,  on  the  number  of  over- 
load relays,  or  similar  questions. 

I  will  ask  any  man  here  today,  if  our  Committee  should 
say  that  a  25-h.p.  motor  should  have  six  speed-points.  I 
can  almost  hear  some  of  these  men  saying,  "That  is  too 
many,  and  I  will  not  have  that  many  in  my  mill,  and  I  am 
going  to  cut  it  down  to  three  or  four."  If  the  manufactur- 
ers should  follow  this  procedure  and  give  what  the  Stand- 
ardization Committee  asked  for  in  the  matter  of  speed- 
points,  arrangement  of  motor  fields,  etc.,  I  think  I  would  be 
tempted  to  go  into  business  for  myself,  and  I  think  I  could 
deal  with  a  lot  of  the  men  here  this  afternoon  and  sell  them 
what  they  want.  Each  man  in  each  shop  has  a  different 
condition  from  the  man  in  the  otlier  shop.  I  do  not  see  how 
the  manufacturers  are  going  to  get  away  from  that  state 
of  mind  of  the  man  who  is  buying  the  apparatus.  We  all 
have  soon  this  tendency  in  the  question  of  number  of  speed- 
points.  I  have  seen  specifications  that  called  for  100-h.p. 
motors  witli  s|>eod-points  all  the  way  from  2  to  6,  and  each 
man  thinks  ho  is  right.  The  fii^st  thing  that  the  Stand- 
ardization (\>mmittoo  must  do  is  to  standardize  men's  minds 
ratlior  tl\an  tlio  spoods  thoy  shall  use. 

W\  T.  Snyder:  In  answer  to  Mr.  Fishback,  I  will  say 
if  our  Standanlization  Committee  has  the  80  per  cent  recom- 
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mendation  of  the  requirements  of  the  steel  industry,  the 
manufacturers  would  be  safe  in  adopting  that  as  a  stand- 
ardy  and  put  an  extra  price  on  anything  special,  and  there 
would  be  very  little  that  was  special  asked  for. 

Paul  Caldwell:  The  first  point  Mr.  Burd  brought  out 
referred  to  the  shunting  of  the  series  field  for  securing  high 
speeds  when  lowering  light  loads  with  a  dynamic  braking 
hoist  controller  and  called  attention  to  the  apparent  fact 
that  according  to  my  statements  I  did  not  believe  in  making 
a  controller  fool-proof.  To  support  his  contention,  he  show- 
ed a  diagram  of  an  elaborate  magnetic  controller  by  which 
scheme  you  can  provide  a  shunted  circuit  around  the  series 
field  to  weaken  same  when  lowering  light  loads,  and  have 
this  circuit  automatically  opened  to  provide  a  stronger  field 
when  lowering  a  heavy  load.  Mr.  Burd  makes  particular  re- 
ference to  12th,  13th  and  14th  pages  of  my  paper  but  fails 
to  note  that  they  refer  entirely  to  manually  operated  con- 
trollers, as  plainly  stated  by  the  heading  under  which  these 
statements  occur.  In  other  words  he  is  comparing  two  en- 
tirely different  devices,  which  bear  no  relation  to  each  other 
from  an  operating  standpoint.  If  he  can  show  me  how  he 
can  accompUsh  this  automatic  protection  with  a  manual  con- 
troller as  referred  to  in  my  paper,  I  would  certainly  be  glad 
to  have  him  do  so.  I  happen  to  know  of  manual  type  con- 
trollers which  are  on  the  market  at  this  time  that  provide 
for  shunting  the  field  circuit  and  which  of  course  have  no 
automatic  means  of  opening  this  shunt  when  heavy  loads  are 
handled. 

As  to  Mr.  Burd's  scheme  of  dynamic  braking  employ- 
ing the  use  of  a  cut-out  relay  with  a  shunt  around  the  series 
field,  this  is  very  old  and  well  known.  Some  of  us  used  it 
when  we  could  not  devise  any  other  scheme  of  control  that 
would  meet  satisfactory  operating  conditions  without  it. 
However,  there  are  other  and  safer  ways  developed  to  ac- 
complish the  same  results  and  I  think  my  paper  shows  one 
way  which  does  so  without  resorting  to  the  dangerous  prac- 
tice of  shunting  the  field. 

In  regard  to  the  opening  of  the  A-B  circuit  (Fig.  3)  al- 
lowing the  load  to  drop,  I  think  my  paper  covered  that  point, 
but  perhaps  not  as  clearly  as  it  might.  I  assume  that  doub- 
le connectors  would  be  used  in  this  circuit  which  I  believe 
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is  standard  practice  and  therefore  did  not  make  particular 
mention  of  it.  In  fact  the  connection  diagram  referred  to 
shows  double  connectors  from  one  side  of  the  armature  to 
the  rheostat,  which  forms  part  of  the  field  as  well  as  arma* 
ture  circuit.  Inasmuch  as  one  side  of  the  line  when  hoist- 
ing, connects  to  the  armature  at  point  "A",  any  open  in  the 
circuit  between  the  armature  and  field  would  have  to  occur 
while  lowering,  otherwise  there  would  have  been  no  circuit 
to  hoist  the  load. 

As  regards  Mr.  Burd's  statement  that  it  would  be  pos- 
sible with  an  open  in  the  armature  circuit,  to  first  hoist  the 
load  and  then  have  it  drop  when  lowering,  I  would  say  this 
sounds  very  improbable  for  the  solenoid  brake  would  set  as 
the  controller  passed  through  the  off  position. 

With  reference  to  the  deceleration  of  the  load  by  the 
method  which  Mr.  Burd  discussed,  he  showed  some  curves 
of  tests  and  other  data,  which  looked  and  souuded  very  well, 
but  there  are  at  least  two  statements  I  cannot  gibe  together. 
Mr.  Burd  brings  out  the  point  that  the  solenoid  brake  is  left 
out  of  the  dynamic  braking  circuit,  and  therefore  the  brake 
is  not  delayed  in  setting  by  the  decelerating  current.  In 
almost  the  next  breath  he  refers  to  the  inherent  lag  of  the 
magnetic  circuit  of  the  brake  holding  it  released  until  the 
dynamic  current  has  more  or  less  stopped  the  momentum 
of  the  armature  and  the  brake  usually  sets  just  before  the 
armature  is  stalled. 

In  a  series  of  curves  he  shows  graphic  ammeter  read- 
ings taken  while  lowering  different  loads  on  the  15-ton  crane, 
driven  by  50  h.p.  motor  and  calls  attention  to  the  small  per- 
centages of  current  input  to  the  motor  required  to  bring  it 
to  rest.  He  refers  particularly  to  a  14-ton  load  being 
brought  to  a  stop  in  one  second,  with  a  single  peak  of  165% 
full-load  current,  and  according  to  the  figures  previously 
given,  that  load  must  have  lowered  at  a  speed  of  nearly  210 
per  cent,  full  load.  I  happen  to  know  that  the  motor  he  re- 
fers to  requires  full-load  torque  nearly  one  second  to  stop 
its  momentum  at  this  speed.  In  his  case  he  had  full  load 
as  well  as  double  speed,  and  how  he  could  have  stopped  it  in 
the  time  stated,  except  by  means  of  the  solenoid  brake  is  a 
question.    The  work  musl  Vvav^  b^eiv  put  on  the  solenoid 


DISCUSSION:    CONTROL  OF  CRANE  MOTORS  303 

brake  and  other  mechanical  parts  instead  of  where  it  should 
be  put — on  the  motor  itself. 

Mr.  Petty  made  a  statement  regarding  magnetic  con- 
trollers not  being  necessary  on  motors  of  50  h.p.  and  below. 
I  must  disagree  with  Mr.  Petty,  for  in  my  opinion  there  are 
as  many  crane  motors  of  50  h.p.  capacity  and  below  where 
magnetic  control  should  be  used,  as  above  50  h.p.  The 
choice  between  magnetic  and  manual  control  cannot  be  prop- 
erly based  on  the  capacity  of  the  crane  or  on  the  loads  which 
the  crane  is  required  to  lift. 

No  crane  is  reversed  or  "plugged"  more  frequently 
than  a  yard  or  magnet  crane  and  yet  they  are  seldom  equip- 
ped with  motors  above  50  h.p.  It  is  as  a  protection  against 
such  severe  operation  and  abuse  that  the  magnetic  control- 
ler finds  its  greatest  application,  so  why  eliminate  its  use 
from  cranes  that  operate  24  hours  a  day  and  handle  the 
greatest  amount  of  material  in  your  plant,  and  apply  it  to 
other  cranes,  which,  while  larger  in  capacity,  probably  work 
only  50  per  cent,  of  the  time  and  under  less  severe  condi- 
tions? 

I  agree  with  the  remarks  of  both  Mr.  James  and  Mr. 
Fishback  regarding  standardization  and  hope  something  will 
come  of  this  new  committee. 

With  reference  to  Mr.  Ludwick's  remarks,  regarding 
requests  for  crane  data,  we  very  often  ask  for  this  data  and 
find  many  engineers  do  not  think  it  necessary.  However,  if 
they  would  attempt  to  design  a  controller,  especially  for 
hoisting  service,  and  determine  exactly  what  results  will  be 
secured  in  the  way  of  speed-torque  curves,  they  would  soon 
see  the  necessity  of  having  this  information.  As  Mr.  Mc- 
Lain  brought  out  in  his  remarks,  there  is  a  sufficient  num- 
ber of  standard  cranes  from  which  most  of  this  data  can  be 
completed  without  going  to  the  crane  builder  for  additional 
information,  but  in  case  of  special  types  of  cranes,  it  be- 
comes necessary  to  ask  for  specific  information  for  each 
crane. 

Mr.  Henderson  made  reference  to  the  disadvantages  of 
dynamic  braking  being  due  to  the  fact  that  it  provided  slow 
speeds  with  light  loads  and  high  speeds  with  heavy  loads, 
and  therefore  necessitated  some  sacrifice  in  speed.  This 
was  true  to  a  considerable  extent  when  the  first  cotvlxoWet^ 
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were  designed  for  dynamic  braking,  but  has  been  overcome, 
to  a  satisfactory  degree  by  improvements  in  the  design  of 
these  controllers. 

Mr.  Henderson  mentions  two  methods  of  overcoming 
this  objection,  one  of  which  employs  the  shunted  circuit 
around  the  series  field  as  described  by  Mr.  Burd.  I  wish  to 
take  exception  to  his  statement,  however,  that  this  scheme 
has  any  advantage  over  other  schemes,  in  that  it  permits 
of  speed  adjustments  in  the  lowering  direction,  without  dis- 
turbing the  adjustments  in  the  hoisting  direction.  The 
scheme  of  connections  shown  in  my  paper  do  not  employ 
any  shunting  of  the  fields  but  do  permit  of  independent  ad- 
justments in  the  hoisting  and  lowering  directions,  and  I 
have  also  shown  how  these  adjustments  can  satisfactorily 
be  made.  This  scheme  goes  still  further  and  provides  for 
an  adjustment  in  the  rate  of  stopping  or  decelerating,  which 
is  also  independent  of  the  rate  of  acceleration  in  either  the 
hoisting  or  lowering  direction. 

Mr.  Richardson  brought  up  the  same  objection  to  dy- 
namic braking  controllers  on  account  of  the  slow  speeds  in 
lowering  with  empty  hook.  It  is  possible  he  has  had  these 
controllers  a  considerable  length  of  time,  for  when  dynamic 
braking  was  first  developed,  the  lowering  speeds  were  not 
very  high.  With  later  improvements  it  is  now  possible  to 
secure  light  lowering  speeds  of  about  150  to  160  per  cent, 
full  load  without  attaining  a  dangerous  speed  when  lowering 
heavy  loads. 

When  the  percentage  of  time  a  crane  lowers  its  empty 
hook  is  considered,  it  will  be  found  that  there  is  very  little 
loss  during  a  full  day's  operation.  At  most,  the  empty  hook 
could  not  be  lowered  more  than  25  per  cent,  of  the  working 
time  and  in  actual  practice  would  not  exceed  10  or  15  per 
cent.  With  the  small  additional  increase  in  speed  that 
would  be  possible  without  dynamic  braking  it  can  be  seen 
that  the  time  lost  due  to  its  use  is  practically  negligible. 

Paul  Caldwell  (by  letter) :  I  desire  to  add  the  following 
remarks  to  those  made  by  me  in  conclusion  of  my  paper 
presented  at  Chiciigo. 

In  the  course  of  his  discussion,  Mr.  Burd  preesnted  the 
results  of  some  tests  which  he  states  were  made  for  the  pur- 
Doso  of  checking  those  given  in  my  paper  in  order  to  show 
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that  my  contentions  regarding  the  value  of  automatic  de- 
celeration or  protection  to  the  motor  when  bringing  a  low- 
ering load  to  a  stop,  were  misleading.  He  claims  to  have 
secured  much  better  results  with  a  scheme  of  connections 
which  did  not  provide  such  automatic  protection,  but  after 
carefully  analyzing  his  data,  I  am  forced  to  the  conclusion 
that  he  has  been  mis-led  by  his  own  figures.  It  is  evident 
that  these  figures  were  based  on  the  assumption  that  since 
the  two  cranes  were  of  the  same  capacity  and  equipped  with 
motors  of  the  same  horse-power,  the  results  secured  would 
necessarily  be  comparative.  He  failed,  however,  to  take  in- 
to account  the  wide  difference  in  hoisting  speeds,  which  dir- 
ectly affects  the  actual  power  required,  and  to  make  proper 
allowance,  for  this  difference  in  computing  the  final  results. 

The  crane  which  Mr.  Burd  tested  had  a  hoisting  speed 
of  twenty-five  feet  per  minute  with  full  load,  whereas  the 
one  referred  to  in  the  paper  had  a  speed  of  thirty-eight  feet 
per  minute  under  same  conditions.  Since  the  power  requir- 
ed to  hoist  a  given  load  is  directly  proportional  to  the  hoist- 
ing speed  and  since  the  rated  capacity  is  the  same  in  each 
case,  it  follows  that  the  power  required  to  hoist  full  load 
would  be  in  the  ratio  of  25  to  38  for  the  two  cranes,  (assum- 
ing friction  losses  to  be  equal) . 

By  referring  to  table  No.  4  in  the  paper,  it  can  readily 
be  seen  that  the  power  required  to  hoist  15  tons  at  38  feet 
per  minute  was  almost  exactly  50  h.p.  and  therefore,  the 
actual  power  required  to  hoist  the  same  load  at  25  feet  per 
minute  is  practically  33  h.p.  This  is  the  value  which  Mr. 
Burd  should  have  used  as  a  basis  for  computing  the  per- 
centages of  his  peak  currents,  instead  of  the  name-plate  rat- 
ing of  the  motor  which  not  only  means  nothing  but  shows 
that  the  crane  tested  was  overmotored  exactly  51  per  cent. 

As  a  matter  of  further  comparison  I  will  select  Mr. 
Burd's  data  for  a  load  of  14  tons  as  represented  by  Fig.  28, 
and  my  own  data  for  a  load  of  16  tons  as  represented  by  Fig. 
7,  and  reduce  them  to  a  basis  of  full  load  or  15  tons.  Such 
a  slight  adjustment  in  the  figures  should  not  introduce  any 
appreciable  error  in  the  final  result. 

First,  reducing  Mr.  Burd's  figures  as  given  in  his  data 
to  the  basis  of  actual  power  required  to  hoist  this  load  of 
14  tons,  we  find  that  his  peak  of  320  amperes  which  he 
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states  was  only  164  per  cent,  full  load  was  actually  245  per 
cent.  Therefore  on  a  proportionate  basis  the  peak  with  15 
tons  would  be  343  amperes  or  264  per  cent  full  load  current 

Second,  reducing  the  peak  given  in  the  paper  in  the 
same  proportionate  basis,  the  actual  maximum  peak  with 
15  tons  would  be  reduced  to  351  amperes  or  only  180  per 
cent,  full  load  current. 

In  other  words,  the  peaks  produced  by  Mr.  Burd's 
scheme  of  connections  instead  of  being  lower  as  pointed  out 
by  him  are  actually  higher,  and  in  case  of  full  load,  this  dif- 
ference amounts  to  approximately  83  per  cent.  It  is  inter- 
esting to  note  that  these  figures  check  very  closely  with 
those  given  in  the  paper  in  connection  with  Fig.  8,  where 
the  difference  in  peaks  with  and  without  automatic  deceler- 
ation were  found  to  be  about  70  per  cent. 

It  is  quite  apparent  therefore,  that  Mr.  Burd's  own 
curves  and  the  results  of  his  extensive  tests  merely  confirm 
my  own  investigations  along  the  same  line,  and  serve  to 
strengthen  my  contentions  regarding  the  value  of  automatic 
deceleration  in  bringing  a  hoist  motor  to  rest  from  its  lower- 
ing direction. 

Another  interesting  point  in  regard  to  these  same  tests 
is  the  comparative  time  required  for  bringing  the  load  to 
rest.  Referring  to  the  curves  in  question  it  will  be  seen 
that  the  16  ton  load  lowering  at  216  per  cent,  speed  was 
stopped  in  2yi  seconds,  while  the  14-ton  load  lowering  at 
210  per  cent  speed  required  3V^  seconds,  which  is  40  per 
cent,  greater.  This  increases  in  time  with  higher  current 
peak,  can  be  accounted  for  by  Mr.  Burd's  own  statement  to 
the  effect  that  when  the  brake  was  raised  with  the  control- 
lers in  the  off-position,  and  full  load  on  the  hook,  the  hoist 
lowered  at  full  load  speed.  This  simply  shows  that  dynamic 
braking  is  only  effective  to  reduce  the  speed  to  full  load  and 
that  the  solenoid  brake  is  forced  to  bring  the  load  from  this 
speed  to  rest. 

Another  point  to  which  Mr.  Burd  calls  particular  atten- 
tion is  the  fact  that  in  his  scheme  of  connections  the  brake 
coil  is  not  included  in  the  dynamic  circuit  while  it  is  includ- 
ed in  the  connections  given  in  the  paper — Fig.  6.  I,  too,  de- 
sire to  place  particular  emphasis  on  the  same  point  as  it  is 
one  of  the  most  important  differences  between  the  two 
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schemes  of  control.  To  be  more  correct,  however,  this  coil 
is  included  in  the  dynamic  circuit  only  during  the  period  of 
deceleration  and  is  cut  out  the  instant  the  last  decelerating 
contactor  closes,  which  occurs  when  the  speed  has  been  re- 
duced to  a  very  low  value,  approximately  15  to  20  per  cent. 
fuUload. 

There  are  several  distinct  advantages  to  be  gained  by 
connecting  the  brake  coil  in  this  manner. 

First:  It  puts  all  the  work  of  stopping  the  load  on  the 
motor,  which  is  the  desired  result  when  dynamic  braking  is 
used  to  perform  .the  function  of  the  old  mechanical  or  load 
brake. 

Second:  It  reduces  the  wear  and  tear  on  the  solenoid 
brake  to  a  minimum  since  it  is  only  required  to  perform  the 
service  for  which  it  is  intended,  namely,  that  of  holding 
brake  to  hold  the  load  when  same  is  not  in  motion. 

Third:  It  adds  to  the  safety  of  the  crane  by  conserv- 
ing the  wear  on  the  solenoid  brake. 

Fourth:  It  reduces  the  wear  and  tear  on  the  gearing 
and  other  mechanical  parts  by  eliminating  the  severe  shock 
which  is  always  attendent  by  the  quick  setting  of  the  sole- 
noid brake,  while  the  motor  is  running  at  a  high  rate  of 
speed. 

Fifth:  It  eliminates  accidents  due  to  the  unequal 
time  element  in  the  setting  of  the  brakes  where  two  motors 
are  used,  each  driving  a  separate  drum  and  the  drums  gear- 
ed together,  as  in  case  of  hot  metal  or  bucket  handling 
cranes.  Assume  that  such  a  crane  is  lowering  its  full  rated 
load  and  the  brakes  are  free  to  set  the  instant  the  control- 
ler is  brought  to  the  off  position  and  the  operator  attempts 
to  make  a  quick  stop.  Should  one  brake  take  hold  before  the 
other  (and  it  is  a  very  likely  occurence)  the  result  would 
be  a  sudden  and  severe  retardation  of  the  motor  driving  one 
drum  while  the  continued  momentum  of  the  other  motor 
and  intermediate  gearing  would  cause  the  second  drum  to 
start  a  rotating  movement  about  the  first  one  as  an  axis. 
This  action  often  results  in  the  elongation  of  the  bearing 
cap  bolts  and  has  been  known  to  actually  break  off  the  bear- 
ing caps  and  allow  the  drum  to  raise  completely  out  of  its 
bearings. 


308  DISCUSSION:    CONTROL  OF  CRANE  MOTORS 

Such  accidents  can  only  be  effectively  overcome  by  de- 
signing the  controller  to  prevent  the  setting  of  the  brakes 
until  the  motor  is  brought  nearly  to  rest  when  the  unbalanc- 
ed torque  would  be  insufficient  to  do  any  damage  even  though 
the  brakes  did  not  operate  simultaneously.  The  use  of 
automatic  deceleration  as  explained  in  the  paper  insures 
against  such  accidents. 


Presented  at 
Tentli  Annual  ConTcntion 
Chicago,  ni. 


OPERATING  CHARACTERISTICS  OF  AN  ELECTRIC 

REVERSING  BLOOMING  MILL 


By  E.  S.  JEFFERIES 


It  has  only  been  within  the  last  three  years  that 
American  Rolling  Mill  Engineers  have  given  serious  con- 
sideration to  adapting  the  Electric  drive  to  the  two-high 
blooming  mill,  although  this  system  of  driving  a  reversing 
mill  has  been  in  operation  in  Europe  for  over  ten  years.  II 
is  the  purpose  of  this  paper  to  take  up  a  few  of  the  opera»- 
ting  characteristics  of  a  34-inch  reversing  blooming  mill  in 
the  Steel  Company  of  Canada's  Works  at  Hamilton,  Ontario. 

The  Ilgner  system,  which  is  used  to  drive  this  mill,  em- 
ploys a  heavy  fly-wheel  in  conjunction  with  a  motor-gener- 
ator set  and  a  device  that  will  enable  the  fly-wheel  to  give  up 
some  of  its  stored  energy  when  the  demand  for  power  ia 
great,  thus  reducing  the  peaks,  which  would  otherwise  have 
to  be  furnished  by  the  motor.  During  idle  periods  such  as 
between  ingots  and  passes,  the  motor  speeds  up  the  fly-wheel 
and  thus  replaces  its  rotative  energy.  It  is  necessary  to  in- 
terpose such  a  flywheel  between  the  source  of  power  supply 
and  the  mill  motor  in  order  that  the  mill  may  be  started, 
stopped,  reversed  and  controlled  in  speed  with  a  minimum 
loss  of  time;  to  accommodate  wide  variations  in  power  and 
to  permit  of  a  very  simple  means  of  control. 

DESCRIPTION  OF  THE  ILGNER  SYSTEM 

The  Ilgner  set  consists  of  a  fly-wheel  motor-generator 
set,  slip  regulator,  an  exciter,  a  reversing  motor,  and  control 
apparatus.  The  motor  generator  set  consists  of  an  1800- 
h.p.,  2200-volt,  3-phase  wound  rotor  induction  motor;  a  50- 
ton  fly-wheel  and  two  1200-kw.,  600-volt  d-c.  generators,  all 
mounted  on  a  common  shaft.     The  slip  regulator  or  water 
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which  is  lost  in  steam  driven  mills,  is  saved  in  an  electric 
driven  mill  in  this  manner.  The  time  of  acceleration  of  the 
mill  motor  from  practically  zero  to  full  speed,  is  only  one 
and  one-half  seconds  during  some  of  the  short  passes,  and  of 
course  lengthens  out  for  the  long  passes. 

Fig.  2.  shows  the  efficiency  of  the  Ilgner  set  taken  as  a 
unit,  based  on  approximately  1200  tons  of  finished  Sy^^-l 
inch  billets,  all  data  being  taken  from  Curves  "A"  and  "D" 


Fig.  2 

in  Fig,  1.  The  input  as  shown  by  Curve  "A"  being  139,043 
kilowatt  seconds,  which  gives  19.81  kw-hrs.  per  ton  of  steel 
and  an  average  input  of  959  kw.  One-hundred  per  cent, 
load  of  the  efficiency  curve  is  based  on  rolling  at  this  rate; 
the  out-put  was  obtained  by  plotting  a  curve  parallel  to 
Curve  "D",  which  allows  for  the  inefficiency  of  the  motor. 
It  is  interesting  to  note  how  close  the  above  19.81  kw.  hour.s 
per  ton  agrees  with  Curve  in  Fig  3  taken  from  actual  operat- 
ing conditions.  This  indicates  that  the  efficiency  curve 
is  fairly  reliable  under    the    conditions    assumed,     which 
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RATE   or  ROLLINS  -  TONS  PER  HOUR 

Fig.  3 
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conditions  are  maximum  tonnage  and  minimum  size  that  is 
possible  to  be  rolled  on  this  mill  and  fly-wheel  set  not  dis- 
connected from  line. 

An  improvement  which  has  been  incorporated  in  the 
later  installations  is  worthy  of  notice.  Instead  of  the  mo- 
tors and  generators  being  connected  as  shown  in  Fig.  4  they 
are  connected  as  shown  in  Fig.  5.  A  variable  potential  ex- 
citer, the  fields  for  which  are  excited  from  the  current  in 
the  main  leads  between  the  motor  and  generator  set  furnish- 
es current  for  auxiliary  shunt  field  coils  of  the  motor.    With 
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Fig.    5 

this  arrangement,  under  heavy  loads  a  strong  field  is  produc- 
ed, giving  the  mill  motor  characteristics  similar  to  a  com- 
pound motor. 


COSTS 

In  table  1  herewith,  a  comparisoh  is  given  of  three  oper- 
ating years  and  an  average  covering  the  same  period.  In 
1913  the  mill  operated  nine  months  and  the  rate  per  ton 
is  high,  as  would  be  expected  for  the  first  period  of  oper- 
ation. The  1915  figures  show  a  very  fair  year  considering 
the  tonnage  rolled.  The  individual  items  will  represent  very 
closely  actual  continuous  running  figures  for  any  compari- 
son, allowance  being  made  for  variations  in  toiviva^^.  Tcv^ 
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operating  expenses,  without  any  fixed  charges,  are  shown 
here  under  the  headings  of  labor,  repairs,  maintenance,  and 
misoellaneous  supplies,  which  total  for  the  year  1915  only 
$.0198. 

TABLE  NO.  1  (OPERATING  COST  PER  TON) 


Year 

1913 

1914 
8  Mo. 

1915     Average 
^^^^     or  total      ^* 

12  Mo. 

TCent 

Operating 

9  Mo. 

Tonnage 

119,230 

92,622 

174,460 

386^12 

Kw-Ton 

23.9 

22.8 

21.5 

23.4 

• 

Power  Cost 

.160 

.153 

.144 

.157 

86.8 

Repairs  &  Maintenance 

.0069 

.0092 

.0045 

.0064 

3J 

Miscellaneous  Supplies 

.0045 

.0049 

.0025 

.0036 

2.0 

Labor  in  Operation 

.0141 

.0161 

.0128 

.0140 

7.7 

Total  Cost 

.1855 

.1832 

.1638 

.1810 

100.0 

TABLE  NO.  2  (TOTAL  COST  OF  STEEL  ROLLED  PER  TON) 
Year  1913   1914   1915   Ave! 


Total  operating  Costs  (No  Overhead)        .185        .183        .164        .181 
Interest  on  Investment  ($156,000.00)  .078        .101        .054        .073 

♦Depreciation  (20  yrs.)  .065        .084        .045        .060 


.328        .368        .263        .314 
•Miscellaneous  .126        .133        .115        .117 


Total  .454        .501         .378        .431 

♦See  Text. 

The  figures  in  Table  2  show  the  total  cost  of  steel  rolled 
per  ton  in  our  mill.  The  depreciation  as  shown  herewith 
does  not  cover  any  question  of  obsoleteness,  but  considers 
the  equipment  valueless  at  the  end  of  a  twenty-year  period. 
The  last  item,  miscellaneous,  is  a  charge  covering  all  electric 
light,  power  used  for  cranes,  pumps,  tables,  conveyors  etc. 
in  the  blooming  mill,  and  the  plant  over-head  charge. 

The  figures  given  under  a  heading  of  "Average"  seem 
to  be  very  fair  figures  to  cover  any  emergency,  and  careful 
analysis  by  the  author  seems  to  indicate  that  the  total  fig- 
ure would  cover  any  unforseen  condition  that  might  arise. 

The  largest  item,  power  cost,  is  exact  as  it  is  metered, 
and  the  other  items  are  charges  made  direct  with  no  estimat- 


JEFFERIES:   ELECTRIC  REVERSING  BLOOMING  MILL    315 

ing,  the  result  being  that  the  total  is  an  exact  cost  without 
any  estimation  whatever  in  arriving  at  the  results.  These 
are  the  actual  book  figures. 

Unfortunately,  there  being  so  few  installations  in  this 
country,  no  comparison  between  different  conditions  can  be 
tabulated  by  the  author,  but  as  there  are  now  building,  or 
under  way,  some  12  installations,  it  will  be  possible  in  a  few 
years  to  tabulate  some  very  reliable  figures  covering  the  ac- 
tual operating  costs  from  such  mills. 

Table  No.  3  herewith  shows  results  taken  by  the  manu- 
facturers from  another  mill. 

TABLE  NO.  3  (ELECTRICALLY  DRIVEN  REVERSING  MILL) 


Ingot 

Bloom 

Elonga- 
tion 

4.66 

Kw.-hr. 
per  ton 

8^5 

Remarks 

18"  round 

7-%x7-% 

High  Carbon 

18x20 

3x8 

12.2 

17.2 

ft          tt 

18x20 

2x16 

92 

14.5 

Soft  Steel 

18x20 

4x4 

18.5 

19.4 

17x15 

4x4 

16.0 

17.9 

20x20 

5x5 

16.0 

19.0 

20x20 

8x8 

6.25 

12.7 

ADVANTAGES 

Coming  to  the  question  of  the  advantages  of  the  Ilgner 
System,  the  writer  sees  them  as  follows : 

Low  Cost  of  Power. 

Low  cost  for  repairs  and  maintenance. 

Stand-by  losses  nil. 

Small  time  to  get  under  way  from  complete  shut-dowTi 
to  rolling  conditions. 

Few  delays  necessary. 

Part  of  rotative  energy  of  mill  parts  recoverable  for  use- 
ful work. 

Speed  proportional  to  displacement  of  controller  lever 
from  off-position. 

Simplicity  of  control. 

Motor  does  not  race  when  steel  leaves  rolls. 

Constant  turning  moment. 

Mill  breakage  less. 

Simplifies  mill  layout. 

Small  area  or  ground  space  needed. 
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Lends  itself  to  centralization  of  power. 

Ideal  load  to  add  to  any  generating  station. 

The  floor  space  necessary  for  the  equipment  described 
was  40-ftxl25-ft.  which  allows  ample  room  between  ma- 
chines and  wall  and  switchboard,  no  apparatus  being  cramp- 
ed in  any  way.  A  40-inch  mill  could  easily  be  installed  in 
this  same  area.  In  case  of  necessity  the  fly-wheel  set  need 
not  be  located  in  close  proximity  to  the  mill  motor  so  that 
in  adapting  a  mill  under  extreme  conditions  where  very  little 
floor  space  was  available,  the  fly-wheel  set  could  easily  be 
located  some  distance  away  where  floor  area  could  be  ob- 
tained. The  real  estate  charges  on  some  mills  located  in 
thickly  settled  communities  must  be  considered,  and  in  com- 
paring this  area  with  the  area  necessary  for  boilers,  coal 
handling  machinery,  steam  engine,  pumps,  etc.,  the  compar- 
ison is  very  good. 

After  the  mill  has  been  down  for  Sunday,  the  time  nec- 
essary for  the  attendants  to  have  the  entire  equipment  ready 
for  maximum  rolling  conditions  is  less  than  10  minutes.  It 
is  doubtful  whether  a  steam  boiler  equipment  could  be  got- 
ten under  way  from  absolute  standstill  to  running  conditions 
in  less  than  four  hours.  The  simplicity  of  the  control  as 
compared  to  the  levers,  links  and  auxiliary  cylinders  neces- 
sary for  the  steam  engine  is  very  noticeable.  The  entire  con- 
trol wiring  between  pulpit  and  power-house  is  contained  in 
a  1-inch  conduit  pipe.  All  parts  of  the  control  are  entirely 
accessible  and  any  part  needing  repairs  can  be  changed  in  a 
very  few  minutes.  Not  considering  the  period  of  develop- 
ment immediately  after  installation,  our  repairs  have  been 
exceptionally  low,  probably  the  largest  item  being  the  brush 
renewal,  but  this  item  is  very  small  indeed.  Delays  in  the 
last  three  years  due  to  this  equipment,  exclusive  of  develop- 
ment period,  have  not  amounted  to  twenty-four  hours,  and 
this  period  was  taken  up  at  various  times  more  to  be  doubly 
sure  that  the  equipment  was  in  good  order  rather  than  take 
any  chance.  This  time  was  taken  by  such  things  as  part  of 
a  band  breaking  off,  loose  connections,  ground  on  the  field 
circuit,  etc. 

When  the  mill  is  idle  there  are  no  losses,  as  the  fly-wheel 
set  can  be  disconnected  from  the  line  and  allowed  to  rotate, 
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which  means  that  there  is  absolutely  no  losses  when  the  mill 
is  idle,  as  compared  to  steam  equipment  having  to  keep  the 
boilers  under  steam,  the  steam-line  condensation,  small 
leaks,  etc.  When  the  steel  leaves  the  rolls  there  is  no  racing 
as  would  be  the  case  in  the  steam  engine  run  by  an  inexperi- 
enced operator,  the  motor  maintaining  uniform  speed  cor- 
responding to  the  displacement  of  the  control  lever  from 
off-position.  Such  complete  control  of  the  speed  of  the  mill 
lends  itself  ideally  when  steel  is  entering  and  leaving  the 
rolls,  as  there  is  no  change  of  speed  unless  the  operator  so 
wishes.  The  motor  exerts  a  constant  turning  moment  in  all 
positions,  whereas  the  double  crank  engine  has  two  weak 
places  in  each  revolution  and  one  place  in  particular  where 
the  turning  moment  is  very  low.  The  saving  due  to  the  re- 
turn of  the  rotative  energy  of  the  mill  parts  to  the  fly-wheel 
gives  a  means  of  saving  power  which  is  normally  lost  in 
steam-driven  mills.  If  60%  of  the  rotative  energy  of  the  mill 
motor  is  returned  to  the  fly-wheel,  60 /<  of  this,  namely  36  % 
of  the  whole  is  available  again  on  mill  shaft  for  active  work. 

To  any  plant  whether  purchasing  power  from  central 
station  or  receiving  power  from  its  own  power-house,  the 
Ilgner  system  adds  an  ideal  load  due  to  the  fact  that  it  is 
a  fairly  constant  load.  If  the  mill  is  run  to  capacity  the 
power  variations  will  be  very  slight.  A  central  station  load 
applies  in  the  same  way  and  lends  itself,  where  power  is  be- 
ing purchased  on  a  peak  basis,  to  a  very  low  rate.  For  a 
large  power  plant,  the  increased  load  does  not  amount  to 
very  much ;  taking  as  an  instance  of  this  the  Hamilton  mill ; 
a  1200-kw.  generator  capacity  would  easily  take  care  of  the 
load.  Where  mills  are  located  at  various  points  in  the  plant, 
which  from  a  steam  power  point  of  view  is  inefficient,  the 
Ilgner  system  eliminates  such  inefficiency  by  centraHzation. 

The  exceptionally  low  cost  of  power  is  probably  the 
most  striking  feature  of  this  system,  the  figures  shown  be- 
ing actual  figures  in  no  way  having  been  adjusted  for  cost- 
keeping  purposes.  The  simplicity  of  the  mill  layout  is  an- 
other feature  which  must  be  considered.  The  figures  here- 
with show  this  advantage  very  clearly  in  regard  to  mill 
breakage.  In  the  four  years  this  mill  has  been  operating, 
the  only  parts  broken  were  the  coupling  boxes  on  the  motor 
coupling,  due  each  time  to  the  metal  slipping  beUxeew  \Xv^ 
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rolls.  During  the  first  few  months  four  coils  were  burnt 
out  in  the  motor,  but  after  this  trouble  vas  cleared  up  there 
have  been  no  breakages  in  the  entire  mill  with  the  exception 
of  the  coupling  boxes. 

TABLE  NO.  4  (REVERSING  EQUIPMENT  INSTALLATIONS) 


Reversizig 

Motor  Rating 

30"  Universal  Plate  Mill 

Illinois  Steel  Co. 

8,000  hp. 

84"  Reversing  Blooming  Mill 

Steel  Co.  of  Canada 

10,000  hp. 

35" 

»» 

»» 

Bethlehem  Steel  Co. 

12,000  hp. 

84" 

n 

n 

Central  Steel  Co. 

8,000  hp. 

•35"        " 

n 

n 

United  Steel  Co. 

15,000  hp. 

•40"        " 

99 

t» 

Inland  Steel  Co. 

15,000  hp. 

•^52"        " 

tt 

f» 

Inland  Steel  Co. 

8,000  hp. 

♦28"  Three  High  MiU 

Inland  Steel  Co. 

8,000  hp. 

•40"  Reversing  Blooming  Mill 

National  Tube  Co. 

15,000  hp. 

•40"        " 

ft 

99 

Indiana  Steel  Co. 

15,000  hp. 

•84"        " 

99 

»y 

Chattanooga  Steel  Co 

.    8,000  hp. 

•32"        " 

»t 

y» 

Mark  Mfg.  Co. 

8,000  hp. 

•40"        " 

plate 

»» 

Mark  Mfg.  Co. 

15,000  hp. 

(•)  At  present  being  built. 

DISCUSSION 

W.  T.  Snyder:  Mr.  Jefferies  is  to  be  congratulated  on 
that  paper.  The  paper  certainly  gives  valuable  information, 
such  as  cost  of  rolling  steel,  power  consumption,  etc.,  which 
is  very  valuable  indeed  in  our  records.  It  is  interesting  to 
note  the  table  of  the  reversing  equipment  installation  which 
shows  that  there  are  four  installations  in  operation  and 
nine  new  installations  building. 

F.  D.  Egan:  The  author  of  this  paper  and  the  com- 
pany he  represents  should  be  commended  on  the  stand  that 
they  have  taken,  for  usually  information  on  costs,  such  as 
i:s  found  in  this  pai)er,  is  not  given  out.  His  data  will  en- 
able any  engineer  to  compare  electric  driven  mills  to  steam 
driven  mills  with  respect  to  operating  costs  and  operating 
conditions.  In  my  estimation,  the  steam  driven  mill  will 
suffer  from  such  comparison  in  every  respect  excepting  first 
cost. 
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I  would  be  interested  to  know  the  author's  means  of  de- 
termining the  shaded  areas  of  Curve  "C",  also  what  me- 
thod, type  and  make  of  tachometer  was  used  to  determine 
speed  changes  of  the  M-G.  Set.  Regarding  his  efficiency 
curve.  Fig.  2,  I  would  like  to  ask  how  data  for  fractional 
loads  were  obtained  and  to  what  these  fractional  loads  ap- 
ply, whether  to  per  cent,  of  the  full  load  of  the  M-G.  Set  or 
of  the  entire  set  and  motor;  also,  whether  excitation  los- 
ses were  included  and  whether  the  value  of  139,043  Kw- 
seconds  was  determined  by  calculation  from  the  kw.  time- 
curve  or  by  an  integrating  wattmeter. 

The  value  of  the  data  presented  in  Figs.  1,  2  and  8 
would  have  been  increased  by  the  inclusion  of  information 
regarding  the  analysis  of  steel,  size  of  ingot,  size  of  finished 
section,  elongation  in  per  cent.,  temperature  of  ingot  and  of 
the  finished  billet,  and  the  draft  used.  With  information 
regarding  the  draft  or  reduction  per  pass  together  with  the 
analysis  and  temperature  of  the  steel,  a  proper  compariosn 
could  be  made  between  the  operation  of  steam  and  electric 
driven  mills. 

While  the  author  is  right  in  the  statement  that  steam 
boiler  equipment  (after  being  down)  can  not  be  gotten  under 
way  in  less  than  four  hours,  this  condition  is  so  seldom  met 
with  in  a  steel  plant  that  the  comparison  is  not  fair.  How- 
ever, the  stand  by  loss  is  properly  attributed  to  steam  driv- 
en mills. 

The  author  refers  to  photographs  of  steam  driven  mills 
but  evidently  these  have  been  omitted.  As  photographs  are 
of  great  value  to  the  description  of  units,  this  omission  is 
exceedingly  unfortunate. 

In  conclusion  I  wish  to  congratulate  the  author  on  his 
very  valuable  paper  and  trust  that  we  will  have,  in  the  fu- 
ture, similar  papers  from  the  various  plants  that  are  install- 
ing electric  driven  reversing  mills.  However,  before  furth- 
er tests  are  made,  a  committee  should  prepare  a  standard 
method  for  conducting  these  tests  so  that  all  information 
will  be  uniform  and  comparable  and  valuable  omissions  will 
be  unlikely.  The  mistake  of  conducting  tests  without  a 
standard  code  was  made  by  the  steam  engineers  in  testing 
reversing  blooming  mill  engines,  until  Mr.  H.  C.  Siebert  in 
a  paper  presented  before  the  Engineer's  Society  of  Western 
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Pennsylvania,  October  21,  1913,  called  to  their  attention  the 
unreliability  of  information  so  obtained.  I  trust  that  we 
may  profit  by  their  experience. 

Ejurl  A.  Pauly:  I  did  not  come  here  especially  prepar- 
ed to  take  part  in  the  discussion  of  this  paper,  as  I  had  pre- 
viously discussed  Mr.  Sykes'  paper  at  the  meeting  of  the 
American  Institute  of  Electrical  Engineers.  There  are, 
however,  one  or  two  points  with  reference  to  these  equip- 
ments which  warrant  discussion.  First,  it  is  interesting  to 
note  that  considerable  improvement  was  made  in  the  oper- 
ation of  this  equipment  by  connecting  the  motors  in  series, 
instead  of  in  multiple,  as  originally  installed.  Personally, 
I  do  not  understand  why  they  were  ever  connected  in  mul- 
tiple. We  have  always  recommended  the  series  connection 
of  the  mill  motors  and  we  never  have  considered  the  mul- 
tiple connection  satisfactory  since  the  very  earliest  proposals 
which  we  submitted. 

Further,  I  think  considerable  misunderstanding  exists 
with  reference  to  what  we  ordinarily  speak  of  as  the  time 
of  reversal.  There  is  no  question  but  that  the  mill  tables, 
screw-downs,  etc.,  require  considerably  more  time  than  is  re- 
quired to  reverse  the  mill  motors,  but  we  all  know  that  the 
steel  must  be  entered  at  a  speed  considerably  below  the 
maximum  speed,  and  unless  the  mill  is  to  be  sluggish  we 
must  be  able  to  accelerate  the  motors  rapidly  after  the  steel 
enters,  and  we  should  not  allow  ourselves  to  be  deceived  by 
believing  that  the  electric  mill  will  be  fast,  simply  because 
we  can  reverse  within  the  allotted  time  for  performing  the 
other  operations  between  the  passes. 

The  electrical  problems  involved,  while  they  must  be 
thoroughly  understood  and  met,  are  not  any  more  difficult 
than  are  met  with  in  other  fields  in  which  motors  are  appli- 
ed and  consist,  chiefly  in  the  problem  of  commutating  heavy 
overloads  in  current,  at  all  voltages  between  practically  zero 
and  full  voltage.  This  problem  is  confined  almost  entirely 
to  the  generator,  as  the  mill  motor  operates  at  or  near  full 
field  or  under  the  most  favorable  commutating  condition 
when  the  maximum  demands  in  current  occur,  while  the 
generator  must  commutate  the  maximum  currents  at  all 
potentials  from  zero  to  full  voltage.  In  a  properly  design- 
ed ^nerator,  this  problem  is  solved  by  compensating  the 
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armature  reaction  by  a  pole  face  winding  on  the  field  con- 
nected in  series  with  the  armature.  To  get  the  best  results 
this  winding  must  fully  compensate  for  the  armature  re- 
action. It  is  my  understanding  that  some  of  the  existing 
generators  are  only  partially  compensated  in  an  attempt  to 
cheapen  them. 

To  my  mind,  the  all  important  considerations,  however, 
are  mechanical  rather  than  electrical,  and  in  this  respect  it 
is  my  opinion  that  many  of  the  equipments  are  rather  weak. 
Take,  for  example,  the  shaft — ^the  elastic  limit  of  the  steel 
used  in  the  shs^ts  runs  somewhere  from  80,000  to  85,000 
lbs.  per  square  inch  and  the  breaking  strength  of  the  mill 
spindle  is  in  the  neighborhood  of  60,000  to  70,000  lbs.,  or 
as  you  will  note,  the  elastic  limit  of  the  shaft  is  approxima- 
tely one-half  the  breaking  strength  of  the  spindle.  As  the 
strength  of  a  shaft  varies  as  the  cube  of  its  diameter  it  fol- 
lows that  the  shaft  must  be  thirty  per  cent,  larger  in  diam- 
eter than  the  mill  spindle,  if  we  are  not  to  strain  the  shaft 
beyond  the  elastic  limit  and  therefore  introduce  a  permanent 
set  or  injury  to  the  shaft,  when  the  spindle  is  broken  by  a 
slowly  applied  force.  But  with  the  shaft  only  thirty  per 
cent,  larger  than  the  spindle  we  have  no  factor  of  safety. 
On  the  contrary  since  it  takes  time  to  produce  motion,  it 
Is  very  probable  that  the  shaft  will  be  injured  before  the 
spindle  has  time  to  break  due  to  the  stored  energy  in  the 
heavy  mill  motor  armatures.  In  this  respect  the  motor 
shaft  of  an  electrically  driven  mill  is  subjected  to  a  more 
severe  strain  and  should  be  larger  in  diameter  than  the  cor- 
responding engine  shaft.  Were  I  the  purchaser  I  should 
not  be  willing  to  accept  a  shaft  having  less  than  approxim- 
ately 1.5  times  the  diameter  of  the  breaking  spindle,  al- 
though this  increase  in  the  diameter  of  the  shaft  consider- 
ably increases  the  cost  of  the  equipment.  This  increased 
cost  is  due  to  the  necessity  of  using  larger  pedestals,  bases, 
and  more  massive  construction  throughout  as  well  as  in- 
creased material  in  the  shaft,  all  of  which  tend  to  make  the 
equipment  stronger  and  cannot  but  add  to  its  life,  especially 
when  the  pedestal  must  take  the  side  thrust. 

It  is  understood  that  ample  precautions  must  be  taken 
to  provide  against  displacement  of  windings  or  injury  of 
insulation  due  to  vibrations  and  shocks  incident  \.o  To\&tv^ 
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large  ingots  and  by  these  mills,  and  where  the  normal  draft 
in  many  cases  is  large  and  is  frequently  increased  through 
inactive  setting  of  the  rolls. 

D.  M.  Petty:  I  feel  that  Mr.  Jefferies  has  given  us  a 
lot  of  valuable  information  on  his  mill,  and  I  feel  sure  that 
in  the  next  couple  of  years  there  will  be  considerably  more 
detail  information  at  hand  with  the  large  and  growing  list 
of  reversing  mill  drives  which  are  being  put  into  operation. 

So  far  as  the  speed  of  reversal  is  concerned,  we  have 
never  felt  that  we  have  suffered  any  loss  in  tonnage  due 
to  the  fact  that  our  mill  does  not  reverse  as  rapidly  as  Mr. 
Jefferies'  mill.  As  a  matter  of  fact,  we  have  purposely  kept 
down  the  accelerating  time  in  order  to  limit  our  peaks.  We 
had  at  one  time  a  quicker  reversal  than  we  are  now  oper- 
ating with,  but  increased  the  time,  because  we  did  not  feel 
it  was  necessary,  and  as  it  was  not  necessary  there  was  no 
use  in  putting  the  extra  peak  load  on  the  motors  or  genera- 
tors. Whether,  as  time  goes  on,  we  will  find  it  advisable 
to  change  speed  and  increase  the  accelerating  speed,  I  am 
not  prepared  to  say.  I  feel,  however,  that  it  is  well  to  have 
the  accelerating  speed  faster;  in  fact,  that  it  is  always  well 
to  have  a  certain  amount  of  reserve  in  case  it  becomes  de- 
sirable to  decrease  the  reversing  time,  but  where  it  is  not 
ncessary,  due  to  the  fact  that  the  ingots  have  to  be  manipu- 
lated, or  the  screw-down  motion  is  very  great,  I  do  not  feel 
that  it  is  advisable  to  keep  this  reversing  time  up,  because, 
as  Mr.  Pauly  mentioned  the  fact  that  you  cannot  enter  the 
ingot  in  between  the  rolls  at  high  speed  makes  quick  revers- 
al useless.  The  point  to  be  borne  in  mind  is  the  fact  that 
the  motor  must  be  able  to  accelerate  after  the  piece  has  en- 
tered the  roll. 

There  is  one  point  which  might  be  brought  out  in  this 
connection,  and  which  might  be  worked  to  advantage  in  the 
case  of  one  or  more  reversing  mills  being  located  very  close- 
ly together,  and  their  products  being  associated  and  depend- 
ent on  each  other,  and  that  is  that  it  is  possible  to  drive 
more  than  one  reversing  mill  from  a  common  motor  genera- 
tor set,  there  simply  being  a  corresponding  number  of  gen- 
erating units,  either  one  or  two,  as  the  case  may  be,  for  each 
mill.  The  saving  in  first  cost  of  one  motor  generator  set 
equipment  and  the  saving  in  peak  loads  on  the  power  station 
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in  cutting  down  the  weight  of  the  fly-wheel  will  undoubtedly 
amount  to  a  considerable  item.  So  far  as  I  know  this 
scheme  has  not  been  used  in  this  country,  but  I  believe  is 
in  use  in  some  European  mills. 

The  list  of  advantages  brought  out  by  Mr.  Jefferies  I 
think  are  all  well  to  consider,  but  it  must  be  borne  in  mind 
that  local  conditions  will  determine  the  relative  merits  of 
all  of  these  advantages  under  each  particular  case.  So  far 
as  a  comparison  between  steam  and  electric  drive,  directly, 
is  concerned,  I  do  not  feel  capable  of  going  into  that  very 
much  in  detail,  but  it  is  a  fact  that  in  the  laying  out  of  the 
mill  to  the  best  advantage,  from  the  steel  handling  stand- 
point, the  electric  drive  will  lend  itself  much  more  readily 
than  the  steam  drive,  because  steam  necessarily  carries  with 
it  boilers,  steam  piping,  etc.,  while  the  electric  drive  can  be 
located  regardless  of  the  location  of  the  power  house. 

The  biggest  factor,  I  think,  that  should  be  considered 
in  the  relative  merits  or  designs  of  electric  blooming  mill 
drive  is  simplicity  of  operation  and  reliability.  The  size  of 
shafts,  and  size  of  bearings  both  on  the  motor  and  motor- 
generator  set  should  be  given  very  careful  consideration, 
and  extra  cost,  for  the  purpose  of  securing  extra  strength 
and  reliability,  I  feel  are  good  investments,  and  earn  all 
the  cost  put  on  them  per  ton  of  steel. 

The  speed  of  the  motor-generator  set  is  something  I 
think  should  be  carefully  considered.  While  high  speed 
necessarily  means  low  cost  of  everything  pertaining  to  the 
motor-generator  set  and  low  weight  of  fly-wheels,  and  small- 
er bearings,  at  the  same  time  I  feel  that  it  is  dangerous  to 
consider  too  high  speed.  I  recall  a  discussion  on  this  sub- 
ject at  a  meeting  of  the  American  Institute  of  Electrical 
Engineers  in  which  it  was  stated  in  a  contribution  by  some 
foreign  engineer  that  the  low  speeds  of  the  motor-generator 
sets  in  this  country  would  not  be  tolerated  in  European 
practice.  I  think  that  a  speed  of  375  rev.  per  min.  on  the 
generators  in  driving  a  35-in.  mill  is  very  near  the  limit. 

G.  E.  Stoltz:  I  think  we  all  agree  that  Mr.  Jefferies 
has  made  a  valuable  contribution  in  giving  us  his  actual 
costs  of  maintenance  and  operation  on  his  mill.  In  making 
comparisons  with  engine  drive,  it  has  always  been  difficult 
to  find  out  what  the  actual  maintenance  and  opetalm^  c,o^V 
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are.  We  are  all  agreed  that  electric  drive  operating  costs 
and  maintenance  are  low,  but  can  never  tell  exactly  how 
much,  and  here  we  have  a  contribution  in  which  we  find  that 
the  total  maintenance  and  operation  is  ten  per  cent  less 
than  the  cost  of  the  power.  These  definite  figures  will  do 
more  good  for  electric  drive  than  mere  estimates.  I  think 
if  the  actual  cost  of  maintenance  and  attendance  on  con- 
tinuous-running motors  were  worked  out  on  this  same  basis, 
the  engine-builder  would  probably  have  about  as  much  troub- 
le in  competing  with  electrical  drive  on  continuous-running 
motors  as  he  does  have  in  the  case  of  reversing  blooming 
mill. 

I  think  it  has  been  mentioned  at  this  convention  that 
in  the  case  of  one  installation  a  new  engine  was  placed  on 
a  reversing  blooming  mill,  and  after  a  year's  operation 
trouble  was  had  with  the  foundation  cracking,  but  orders 
were  such  they  would  not  permit  a  shut  down  of  the  mill 
to  rebuild  the  foundation.  Therefore  a  reversing  mill  elec- 
trically-driven was  purchased  and  placed  on  the  opposite 
end  of  the  mill,  simply  disconnecting  the  engine,  starting 
the  electric  drive,  and  in  less  than  two  years  the  installation 
of  the  electric  drive  was  paid  for  by  the  increased  economies. 

Mr.  Jefferies  brought  up  the  question  of  compounding 
or  giving  the  reversing  motor  a  compound  characteristic 
versus  the  straight  shunt  motor.  The  fact  of  giving  the  re- 
versing motor  a  compound  characteristic  does  not  limit  the 
speed  of  acceleration.  In  the  later  type  of  drives  this  is 
taken  care  of  in  another  way,  by  forcing  the  generator  field, 
so  that  the  compounding  does  not  hinder  us  in  attaining  the 
necessary  speed  of  acceleration. 

Mr.  Petty  has  just  explained  that  in  the  drive  at  his 
mill  they  have  not  gone  the  limit  in  the  speed  of  accelera- 
tion or  retardation,  nor  have  they  gone  to  the  limit  in  the 
ultimate  speed  at  which  they  can  run  their  mill.  They  have 
arrived  at  a  rate  which  they  feel  best  suits  their  conditions, 
and  have  considerable  margin  if  they  desire  to  accelerate 
or  retard  their  motor  at  a  greater  rate.  The  main  reason 
for  >rivin>r  a  motor  comiH>und  characteristics  is  naturally  to 
protect  the  motor.  Any  direct-current  motor  having  these 
characteristics  will  be  able  to  withstand  reversing  service 
much  better  than  the  shuixl  motor;  irv  other  words,  if  we 
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were  to  place  on  test  two  motors  of  practically  the  same  de- 
sifirn,  except  that  one  would  be  a  shunt  motor  and  the  other 
a  compound  motor  and  simply  bring  them  up  to  speed,  plug 
them  and  then  bring  them  to  rest,  continuing  this  cycle  for 
some  time,  the  compound  motor  would  always  accomplish 
this  much  easier  than  a  shunt  motor. 

I  believe  one  gentleman  brought  up  the  question  of  more 
detailed  data  in  regard  to  the  manner  in  which  the  tests 
were  made,  particularly  drafts,  temperatures,  and  an  analy- 
sis of  the  steel.  This  is  very  important  data  although  we 
find  ingots  are  rolled  at  practically  uniform  temperature, 
and  in  most  cases  we  can  disregard  the  temperature.  In  oth- 
er words  the  mill  practice  of  rolling:  ingots  is  about  the  -ame 
in  regard  to  temperatures.  In  every  installation  cold  in- 
gots will  be  rolled  at  times  and  this  should  always  be  taken 
into  consideration  when  estimates  are  made.  When  ingot 
is  hot  the  carbon  analysis  of  the  steel  does  not  have  a  great 
deal  to  do  with  the  power  required  to  roll  the  steel.  That 
is  of  more  importance  as  the  steel  becomes  cooler. 

Much  has  been  said  in  regard  to  the  size  of  bearings 
and  shafts.  These  matters  do  require  attention  and  the 
selection  should  be  judicious,  considering  all  phases  of  the 
problem.  When  it  is  necessary  to  utilize  from  4,000  to 
5,000  h.p.  in  accelerating  a  reversing  motor  of  this  type, 
naturally  care  must  be  taken  not  to  get  the  rotating  parts 
bulky.  Of  course,  we  can  compare  the  size  of  shafts  with 
the  spindle  on  the  dimension  basis  alone,  but  we  should  not 
only  consider  it  that  way;  we  should  also  consider  the  fact 
that  the  quality  of  the  material  in  the  shaft,  as  a  rule,  is 
much  better  than  the  material  in  the  spindle.  In  one  equip- 
ment, rated  at  12,000  h.p.  maximum,  we  found  the  circuit- 
breaker  set  at  20,400  h.p.  This  equipment  had  been  rolling 
under  those  conditions  for  some  time,  and  I  understand  that 
the  breaker  had  not  gone  out  more  than  once  or  twice  in 
several  weeks;  in  other  words,  this  equipment  rated  at 
12,000  h.p.,  was  rolling  under  conditions  where  it  would  de- 
velop a  torque  equivalent  to  20,400  h.p. 

This  same  equipment  was  used  to  roll  two  sizes  of  in- 
gots, 19  inches  square  and  23  inches  square.  One  day  a 
23-inch  ingot  was  sent  to  the  mill  and  the  man  on  the  screw- 
down  did  not  notice  the  change  of  size  from  19  to  23  inches. 
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It  was  customary  to  make  a  2-inch  reduction  on  the  19-inch 
ingot,  and  as  this  23-inch  ingot  was  brought  to  the  mill  it 
passed  through  the  mill  before  he  noticed  it,  making  a  6- 
inch  draft  on  the  ingot.  I  think  the  size  of  shafts  and 
bearings  in  most  cases  have  been  pretty  well  taken  care  of. 

F.  B.  Crosby :  This  most  excellent  paper  by  Mr.  Jeff  cri- 
es has  been  of  great  interest  to  me.  I  trust  it  may  be  the 
first  of  a  valuable  series  on  this  important  subject  of  revers- 
ing mill  drives  to  be  presented  before  your  Association. 

With  the  possible  exception  of  auxiliary  methods  of 
obtaining  an  efficient  adjustable-speed  control  of  large  in- 
duction motors,  no  other  application  of  power  for  rolling 
steel  has  received  such  impetus  in  recent  years  as  has  the 
direct  current  reversing  mill  drive.  The  demand  for  drives 
of  this  character  during  the  past  eighteen  months  has  been 
without  precedent  and  it  is  scarcely  a  cause  for  wonder  that 
in  the  absence  of  more  complete  data  relative  to  first  costs, 
maintenance,  operating  costs  and  characteristics,  there  has 
been  on  the  one  hand  an  unwarranted  prejudice  in  favor  of 
the  better  known  reversing  engine,  and  on  the  other,  an  in- 
evitable tendency  to  select  the  more  complex  and  expensive 
direct  current  reversing  motor  where  the  adjustable-speed 
induction  motor  would,  all  things  considered,  be  equally 
satisfactory. 

For  mills  of  larger  tonnage,  rolling  ingots  of  4,000  to 
5,000  lbs.  and  upwards,  the  direct-current  reversing  motor 
pi>ssosses  many  [H>ints  of  superiority,  but  for  handling  in- 
gots of  2,000  lbs.  or  less,  I  believe  there  is  still  great  reason 
to  doubt  whether  the  recopniized  advantages  of  the  revers- 
ing direct -current  motor  are  suHicient  to  offset  its  great- 
er cost  and  complexity. 

A  number  of  tliose  smaller  reversing  drives  have  re- 
conlly  como  up  (or  considoration,  and  in  making  a  final  se- 
lection, duo  wei^rht  must  bo  given  the  factors  of  simpli- 
city, reliability  and  overhead  charges,  as  well  as  first  costs 
and  power  charges. 

Tlie  tirst  cost  of  the  o-ligh  non-reversing  mill,  includ- 
in>r  tho  necessary  lifting  or  tilting  tables,  may  be  higher 
than  for  a  2-high  reversing  mill,  and  its  maintenance  may 
also,  in  general,  be  higher;  but  the  interest  charge  against 
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the  difference  in  first  cost  of  the  two  types  of  drive  will  go 
far  toward  offsetting  these  items  for  the  smaller  mills. 

The  curves  shown  in  Fig.  1  indicate  clearly  the  possi- 
bilities of  equalization  of  widely  fluctuating  demands  on  the 
main  motor.  Complete  equalization  is,  of  course,  the  ideal 
condition  desired  by  the  central  station.  It  is  a  question, 
however,  as  to  whether  it  is  as  desirable  from  the  standpoint 
of  power  charges.  If  the  reversing  drive  forms  the  largest 
part  of  the  connected  load,  then  closer  equalization  is  de- 
sirable than  is  the  case  if  the  peaks  due  to  the  reversing 
mill  are  a  smaller  percentage  of  the  aggregate  of  superim- 
posed loads. 

As  noted  in  the  paper  presented  by  the  Central  Sta- 
tion Power  Committee,  most  power  contracts  have  a  maxi- 
mum integrated  peak  clause  which  determines  the  rate  per 
kilowatt  hour.  In  general,  provision  should  be  made  for 
sufficient  equalization  effect  to  prevent  the  peaks  greatly 
exceeding  the  average  demand  of  the  combined  mill  load. 
On  the  other  hand,  it  should  be  remembered  and  advantage 
taken  of  the  fact  that  all  properly  designed  rolling  mill  mo- 
tors have  considerable  overload  capacity.  Furthermore, 
while  the  flywheel  is  useful  chiefly  during  the  short,  high 
peak  passes  which,  without  the  aid  of  the  wheel,  would  ex- 
ceed in  value  the  momentary  station  capacity  or  the  eco- 
nomic limits  set  by  the  power  contract,  yet  during  all  the 
remaining  time — including  intervals  between  passes  and 
the  larger  low  peak  passes — the  windage  and  friction  losses 
of  the  fly-wheel  motor  generator  remain  practically  con- 
stant. The  wheel  losses  vary  slightly  with  design,  but  may 
be  taken  as  between  one  and  two  horse  power  per  ton  of 
wheel. 

An  excess  of  20,000  lbs.  wheel  weight  beyond  that  re- 
quired by  considerations  mentioned  above,  would  mean  a 
needless  annual  charge  with  power  at  Ic  ])er  kilowatt-hour 
for  300  days  of  20  hours  each,  approximately  $750.00. 

Much  importance  has  been  attached  to  the  equalization 
of  steel  mill  loads,  and  up  to  a  certain  point,  equalization 
is  desirable.  I  am  of  the  opinion,  however,  that  there  are 
in  operation  today,  a  far  greater  number  of  mills  of  all  sorts 
for  which  the  power  charges  could  be  reduced  by  reducing 
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the  gross  weight  of  the  fly-wheels  than  by  increasing  this 
weight. 

Mr.  Jefferies  states  that  "the  time  of  acceleration  of 
the  mill  motor  from  practically  zero  to  full  speed  is  only 
ly^  seconds  during  some  of  the  short  passes."  Does  he 
mean  by  "practically  zero"  that — with  the  controller  in  the 
off  position — there  exists  a  tendency  for  the  mill  motor  to 
creep,  due  to  generator  field  residual  which  is  not  counter- 
acted by  the  control  ?  If  so,  I  should  like  an  expression  of 
opinion  from  the  operating  engineers  present  as  to  the  de- 
sirability of  preventing  this  creeping,  particularly  with  view 
to  its  relation  to  undue  local  cooling  of  the  rolls,  if  stopped 
between  passes,  and  also  to  the  safety  of  men  working  about 
the  rolls. 

What  in  this  instance  is  meant  by  "full  speed"?  In  a 
recent  paper  before  the  American  Institute  of  Electrical  En- 
gineers, Mr.  Sykes  gives  the  full  field  speed  as  70  r.p.m.  and 
the  weakened  field  speed  as  100  r.p.m.  He  also  gives  the 
roll  diameter  as  30  inches  and  the  average  length  of  ingot 
as  60  inches.  The  first  pass  would  therefore  be  completed 
in  less  than  %  of  a  revolution  of  the  rolls.  To  complete 
the  pass  in  1.5  seconds  would  require  an  average  speed  of 
about  30  r.p.m.  or,  if  rate  of  acceleration  is  uniform,  a  maxi- 
mum speed  of  about  60  r.p.m.  would  be  expected.  Is  this 
assumption  correct? 

I  find  there  is  much  confusion  in  this  matter  of  time 
required  for  reversal.  The  time  required  for  changing  di- 
rection of  rotation  is  very  small.  With  a  properly  designed 
control  it  should  be  possible  to  rock  the  motor  practically  as 
fast  as  the  controller  can  be  moved  by  hand.  The  time  re- 
quired to  reach  given  positive  and  negative  maximum  speeds 
is,  however,  a  function  of  the  Wr-  of  the  rotating  parts,  and 
the  permissible  maximum  torque.  There  are  certain  fairly 
well  defined  limits  to  the  rate  of  reversal  for  the  higher 
maximum  speeds  since  to  shorten  the  time  requires  more 
torque;  this  means  larger  armatures  and  larger  values  of 
Wr^  so  we  face  the  old  problem  of  lifting  one's  self  by  the 
bootstraps. 

Many  engineers  have  expressed  surprise  at  the  ability 
of  the  reversing  motor  to  turn  out  tonnage  when  comparing 
its  acceleration  characteristic   with   that  of  the  steam 
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versing  engine.  It  is  true  that  the  motor  is  slower  on  the 
"get  away",  though  in  many  cases  this  difference  is  more 
seeming  than  real.  The  absence  of  massive  reciprocating 
parts  with  the  attendant  noise  and  vibration  makes  the 
operation  of  the  motor  far  less  spectacular,  and  its  quiet 
smoothness  of  operation  is  at  first  apt  to  be  both  disappoint- 
ing and  deceptive  to  one  accustomed  only  to  steam  revers- 
iTiflT  mills. 

Mr.  Jefferies  mentions  an  improvement  in  the  nature 
of  the  addition  of  a  variable  potential  exciter,  which  he  does 
not  have.  I  am  sorry  that  he  is  unable  to  express  an  opin- 
ion based  on  personal  experience  with  this  improvement. 

This  auxiliary  series  exciter  which  has  been  used  to 
some  extent,  both  abroad  and  in  this  country,  while  pos- 
sessing good  talking  points,  also  involves  certain  inherent 
disadvantages  which  lead  me  to  believe  it  a  detriment  rath- 
er than  an  improvement,  as  compared  with  other  possibili- 
ties of  control.  As  stated,  this  exciter  gives  the  mill  motor 
the  characteristics  of  a  compound-wound  machine.  It  not 
only  adds  to  the  number  of  units  and  complexity  of  equip- 
ment, but  if  it  is  of  any  value  from  the  standpoint  of  in- 
creased flux  density  and  motor  torque,  it  must  inevitably 
slow  down  the  motor  under  load.  This  means  that,  as  the 
ingot  enters  the  rolls,  there  is  a  drop  in  speed  due  to  the 
effect  of  this  series  field  which  I  have  seen  momentarily 
practically  stall  the  motor  until  the  generator  field  can  build 
up  to  a  point  where  the  voltage  is  sufficient  to  produce  an 
accelerating  torque. 

Again  assuming  the  motor  to  be  operating  under  heavy 
loads  on  the  longer  passes,  at  the  instant  before  the  metal 
leaves  the  rolls,  the  motor  has  a  heavy  series  field  from  the 
variable  potential  exciter;  furthermore,  the  shunt  field  has 
already  been  weakened  to  secure  the  high  finishing  speed, 
thus  giving  a  decided  series  speed  characteristic. 

As  the  metal  leaves  the  rolls,  the  load  is  off  instantly. 
An  appreciable  time  is  required  for  generator  and  motor 
fields  to  readjust  themselves  to  the  light  load  conditions. 
The  result  is  that  momentarily  the  motor  is  operating  as 
an  underloaded  series  machine  with  a  large  available  torque 
for  acceleration  and  the  motor  has  an  inevitable  tendency  to 
race.     Of  course,  this  can  be  largely  offset  by  an  experienc- 
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ed  operator  cutting  back  the  motor  speed  as  the  pass  nears 
completion.  But  the  tendency  to  sluggish  operation  always 
exists. 

I  have  been  informed  that  in  some  instances  where  this 
method  of  excitation  is  employed,  the  maximum  speed  reach- 
ed is  approximately  90  r.p.m.  as  against  120  for  which  the 
mill  was  initially  laid  out. 

We  have  found  that  a  properly  designed  shunt-wound 
interpole  motor,  with  pole  face  windings,  gives  by  far  the 
best  characteristics  for  reversing  service  for  mine  hoist  and 
rolling  mills. 

The  author's  statement  of  delays  "exclusive  of  develop- 
ment period"  certainly  is  a  very  creditable  showing.  To  most 
operating  engineers,  the  "development  period"  is  of  para- 
mount interest.  Few  mills,  when  purchasing  equipment  of 
this  magnitude,  are  willing  to  countenance  an  indefinite  de- 
velopment period,  and  any  elaboration  of  difficulties  to  be 
avoided  would  certainly  be  of  value. 

As  a  matter  of  record  of  the  present  status  of  electric- 
al reversing  drives,  it  is  unfortunate  that  the  author  did  not 
carry  his  researches  a  little  farther  and  include  in  Table 
IV  the  following  equipments,  either  built  or  under  construc- 
tion: 

Reversing  Blooming  Mill,  Algoma  Steel  Co. — 7500  h.p. 
Reversing  Plate  Mills,  Am.  Sheet  &  Tin  Plate— 2000  h.p. 
Reversing  Bl'm'ng  Mill,  Ashland  Iron  &  Mining — 2500  h.p. 
Reversing  Bl'm'ng  Mill,  Keystone  Steel  &  Wire— 2500  h.p. 
Reversing  Universal  Mill,  Chattanooga,  Steel  Co.— 2500h.p. 

If  the  28-inch,  3-high  Inland  Steel  Co.  motor,  included 
in  Table  IV,  is  a  non-reversing  equipment  with  fly-wheel 
motor-generator  field  control,  it  might  not  be  out  of  place 
to  add  two  more  similar  equipments  of  modest  capacity: 

Wheel  Mill,  Carnegie  Steel  Co.— 750  h.p. 

Finishing  Mill,  American  Steel  &  Wire  Co.— (2)  800  h.p. 

I  was  particularly  impressed  by  the  aggregate  of  145,- 
000  h.p.  represented  in  Table  IV.  The  relatively  small  rat- 
ings I  have  mentioned  will  add  little  to  this  grand  total 
which  fact  may  justify  their  omission.  I  believe,  however, 
this  matter  of  rating  reversing  mill  motors  is  one  that  will 
bear  a  little  thoughtful  consideration. 
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Earlier  in  the  paper,  Mr.  Jefferies'  motor  is  mentioned 
as  3000  h,p,  continuous  rating,  with  maximum  of  9000  h.p. 
Table  IV  gives  10,000  h.p.  for  the  same  motor.  This  may 
be  a^  typographical  error,  but  I  fail  to  observe  in  the  table 
or  elsewhere  statements  regarding  the  corresponding  speeds, 
tanperature  rise  or  permissible  duration  and  frequency  of 
recurrence  of  these  loads.  Without  knowldge  of  these  fac- 
tors, the  h.p.  ratings  given  in  Table  IV  are  both  ambiguous 
and  misleading  and  afford  absolutely  no  adequate  basis  of 
comparison  between  existing  or  proposed  installations. 

Few  subjects  relating  to  motor  design  and  application 
have  demanded,  or  received,  more  careful  consideration  than 
that  of  rating.  Its  aspects  are  so  varied  as  to  render  a  clear 
yet  concise  exposition  very  difficult.  To  do  so,  it  is  neces- 
sary to  keep  clearly  in  mind  a  few  basic  definitions  of  terms 
commonly  used  and  misused. 

First;  torque  or  turning  effort  is  usually  expressed  as 
force  (pounds  or  other  units  of  weight  or  pressure)  acting 
rt  unit  radius.  For  example,  "100  lbs.  torque"  will  be  as- 
sumed as  the  equivalent  of  the  turning  effort  or  torsion 
produced  by  a  pressure  of  100  lbs.  acting  tangentially  at  a 
distance  of  one  foot  from  the  axis  about  which  it  tends  to 
produce  rotation. 

Torque  may  exist  either  with  or  without  motion.  In 
the  latter  case,  it  is  sometimes  spoken  of  as  static  or  start- 
ing torque,  and  in  the  former  as  running  torque. 

Second ;  work  is  the  effect  of  force  acting  through  dis- 
tance. Static  torque  represents  force  but  not  work,  where- 
as running  torque  or  force  in  motion  alw^^ys  performs  work 
^hich  may  or  may  not  be  useful,  depending  upon  the  effi- 
ciency of  the  medium  of  transmission. 

Third;  horsepower  is  a  measure  of  the  rate  of  doing 
^ork  and,  in  addition  to  the  two  factors — force  and  dis- 
tance, introduce  a  third  consideration,  time.  Much  confus- 
ion often  arises  through  lack  of  a  clear  understanding  of 
the  relation  of  these  three  factors.  The  unit  horsepower 
^  still  taken  as  arbitrarily  designated  by  Thomas  Watt, 
^taiely,  the  ability  to  do  work  at  the  rate  of  33,000  foot- 
IHHmds  per  minute  or  its  equivalent  in  corresponding  units. 

The  term  horsepower,  taken  by  itself,  may  be  very 
itlisleading  with  respect  to  the  ability  of  a  motor  to  trBS^- 
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form  electrical  into  mechanical  energy,  unless  specifically 
or  by  unmistakable  implication  the  factors  of  torque,  speed 
and  time  are  known. 

Fourth;  the  terms  h.p-hr.,  h.p-seconds,  etc.,  are  also 
most  useful  as  a  measure  of  work,  particularly  where  tiie 
work  is  of  an  intermittent  character  with  either  a  r^foltf 
or  irregular  recurring  duty  cycle.  Wherever  rotating  or 
reciprocating  masses  are  subjected  to  frequent  and  rapid 
acceleration  and  retardation,  it  is  most  convenient  to  deal 
with  the  transfer  of  energy  in  terms  of  torque-seconds  or 
h.p-seconds. 

Each  of  the  four  terms  and  definitions  discussed  above, 
namely :  torque,  work,  horsepower  and  h.p.-seconds,  are  ap- 
plicable equally  to  all  forms  of  mechanical  devices  for  trazis- 
f orming  energy  into  useful  work,  whether  that  energy  be 
in  the  form  of  heat  in  air  or  steam,  the  stored  energy  of  air  ! 
or  water  in  motion,  or  electrical. 

Confining  these  remarks  to  motors  for  transfonninjf 
electrical  to  mechanical  energy,  it  is  evident  that  with  a 
range  extending  from  a  simple  application  of  torque  without 
movement,  through  applications  in  which  practically  the  en- 
tire energy  input  is  utilized  internally  to  accelerate  a  given 
mass,  and  those  requiring  high  accelerating  torque  togeth- 
er with  short  intervals  of  useful  external  work,  on  to  appli- 
cations requiring  a  continuous  energy  transformation  at 
constant  output,  it  is  difficult  indeed  to  name  the  capacity  of 
the  motor  or — in  other  words — assign  a  rating. 

Large  motors  for  main  roll  drives  are  practically  always 
designed  either  as  direct-current  machines  with  special  field 
windin^rs  or.  in  by  far  the  great  majority  of  cases,  as  alter- 
nating-current machines  of  the  induction  type.  In  either 
case,  the  following  points  must  be  given  consideration  in 
arriving  at  a  rating: 

{!) — Si>eed  revolutions  per  minute. 

(2)  — Torque. 

a — Starting 

h  -Continuous  running. 

c    -Maximum  momentarj'  or  pull  out. 
{o)     Duty 

a     (\n\stant  or  intermittent  output. 
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b — ^If  intermittent — 

a — Frequency  of  peaks, 
b — ^Duration  of  peaks, 
c — Period  of  rest  or  friction. 
(4) — ^Reversal 

a — ^WR'  of  rotating  parts. 
b — ^Rate  of  acceleration. 
c — ^Frequency  of  reversal. 
(5) — ^Relative  importance  of 
a — Starting  torque, 
b — ^Maximum  torque, 
c — Efficiency, 
d — ^Power  factor  (if  a-c) . 
e — Speed  regulation, 
f — Commutation  (if  d-c) . 
(6)— Heating 

Unlike  the  steam  engine  which  is  limited  in  moment- 
ry  output  by  cylinder  dimensions  and  boijer  pressure,  the 
lectric  motor  is  limited  by  permissible  temperature  rise 
nd,  in  case  of  induction  motors,  maximum  torque;  or  in 
ase  of  direct-current  motor,  commutation.  Temperature, 
3rque  and  commutation  are  the  limiting  features,  and  for 
urposes  of  this  discussion,  these  may  be  reduced  to  temper- 
ture  and  commutation. 

Although  the  most  striking  characteristic  of  the  average 
teel  mill  roll-train  resistance  diagram  in  its  extreme  ir- 
3gularity  of  profile,  it  has  been  customary  to  rate  constant 
nd  adjustable  speed  non-reversing  motors  on  the  basis  of 
^mperature  rise  when  delivering  a  specific  shaft  horsepow- 
r  for  a  specified  period. 

Nearly  all  main  roll  motors  have  been  sold  under  one 
f  the  three  following  guarantees  based  on  room  temper- 
ture  of  25^  C. 

A — Industrial  or  "A"  heating. 

Normal  load  continuously  tern,  rise  40''  C. 
125%  load  2  hours  temp,  rise  55'^  C. 
B— Steel  Mill  Heating 

Normal  load  continuously  temp,  rise  35*  •  C. 
125%  load  continuously  temp,  rise  50"  C. 
150%  load  1  hour  temp,  rise  60"  C. 
C — Special  Heating 
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125%  load  continuously  without  injury. 
Some  electrical  manufacturers  have  combined  (A)  and 
<B)  giving  temperature  rises  of  40,  50  and  60".  Tests 
show,  however,  that  a  motor  designed  for  a  50'*  rise  at  125^ 
continuous  load  will  not  exceed  35"  under  normal  load.  It 
is  extremely  dilBcult  to  check  loads  under  operating  condi- 
tions, and  it  is  obvious  that  if  there  is  a  tendency  to  "take 
chances"  on  the  overload  conditions,  the  40-50-60  basis  per- 
mits the  use  of  a  less  expensive  machine,  although — to  casu- 
al observers — the  two  machines  may  appear  to  meet  the 
same  specifications. 


Fig    fi 

Nowhere  is  the  lack,  among  dilTerent  manufacturers, 
of  definite  basis  of  rating  motors  more  certain  to  result  in 
a  misuncicrstanding  of  motor  capacity  than  in  connection 
with  reversing  mill  motors.  For  example,  the  reversing 
blooming  mill  motor  at  Bethlehem  is  given  in  Table  IV  as 
12,000  h.p..  but  no  mention  is  made  of  any  of  the  several 
imiwrtinit  factors  necessary  to  a  real  definition  of  its  capa- 
city. Noitliei-  speed,  torqiio,  teni[KT!iture  rise,  or  duration 
(■f  load  is  mentioned.     It  is  evidently  a  maximum  rating, 
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and  therefore  at  variance  with  established  practices  as  re- 
gards the  rating  of  all  other  mill  motors. 

The  motor  we  quoted  in  competition  was  rated  3600  h.p. 
continuously  at  35"  C.  rise  with  125^'r  load  continuously  at 
50"  C.  rise  or  150%  load  for  1  hour  60"  C.  rise  without  forc- 
ed ventilation.  It  was  good  for  approximately  14,500  h.p. 
maximum  output  at  about  60  r.p.m. 


Fii?.  7 

The  Central  Steel  Company's  motor  bears  a  nameplate 
stamped:  "670,000  Pounds  Maximum  Torque  at  47  r.p.m.", 
corresponding  to  but  6,000  h.p.  maximum,  whereas  the  mo- 
tor is  listed  at  8,000  h.p. 

Practically  the  same  conditions  exist  in  connection  with 
the  Steel  Company  of  Canada.  We  quoted  on  a  normal 
rating  of  2,000  h.p.     In  Table  IV  the  motor  is  Uatcd  a.s  \ft.- 
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000  h.p.  The  reason  for  this  discrepancy  may  lie  partly  in 
the  fact  that  during  the  development  period  mentioned,  ar- 
tificial ventilation  was  provided  for  both  the  generator  and 
the  motor.  This  takes  care  of  the  temperature  and  leaves 
commutation  as  the  limiting  factor  in  capacity  rating. 

In  order  to  place  the  reversing  mill  motor  on  a  definite 
rating  basis,  the  General  Electric  Company  includes  in  its 
specifications  two  sets  of  curves  (as  shown  in  Figs  6  and 
7)  together  with  a  statement  of  guaranteed  temperature 
rise  when  carrying  normal  and  stated  overloads  for  stated 
periods.  Fig.  6  shows  these  curves  plotted  in  terms  of  h.p. 
against  speed. 

No  1  corresponds  to  the  normal  rating  or  continuous 
load  which  the  motor  will  carry  with  stated  temperature 
rise. 

No  2  indicates  the  h.p.  which  the  motor  will  develop 
when  operating  on  a  guaranteed  rolling  cycle  of  stated  fre- 
q  aency  of  repetition. 

No.  3  indicates  the  h.p.  which  the  motor  will  develop 
in  emergency  without  injurious  sparking. 

In  Fig.  7  are  shown  corresponding  curves  plotted  in 
terms  of  torque  and  speed  so  that  these  two  sets  of  curves, 
together  with  a  statement  of  guaranteed  temperature  rise 
and  a  definite  duty  cycle,  comprehensively  define  the  capa- 
city of  the  equipment. 

I  do  not  know  the  normal  continuous  ratings  of  the 
motors  in  Table  IV,  nor  the  temperature  rise  upon  which 
the  3,000  h.p.  rating  mentioned  by  Mr.  Jefferies  is  based; 
but  assuming  that  each  motor  listed  will  carry  a  continuous 
load  in  the  same  ratio  of  3,000  to  10,000,  the  grand  total 
li.p.  ratings  shrinks  to  less  than  50,000  h.p. 

The  reversing  mill  motor  ratings  which  I  have  added 
are  continuous  ratings. 

I  can  see  no  more  reason  for  rating  reversing  motors 
on  the  basis  of  maximum  momentary  output  than  for  fol- 
lowing the  same  practice  with  respect  to  induction  motors. 
For  example,  the  GoOO  h.p.  General  Electric  motor  In  the 
()0-inch  I'niversal  Plate  ilill  at  Gary  will  carry: 

i>r>()()  h.p.  continuously  with  So"  C.  rise. 

812")  h.M.  continuously  with  50'  C  rise. 
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9750  h.p.  for  1  hour  with  60«  C,  rise. 
and  it  has  a  maximiim  output  of  practically  24,000  h.p.,  yet 
we  always  advertise  it  at  its  normal  output  of  6500  h.p. 
Have  we  been  too  modest  ? 

IL  J.  Sage:  Unfortunately,  I  did  not  hear  the  begin- 
ning of  the  discussion,  and  I  do  not  know  what  has  been 
said.  The  paper  spoke  of  large  reversing  sets.  You  may 
be  interested  in  hearing  of  a  small  installation  that  has 
worked  out  very  satisfactorily.  This  installation,  which  is 
in  operation  in  the  Chicago  district,  consists  of  two  direct- 
connected  motors  driving  bar  mills  at  20  revolutions,  the 
motors  being  operated  from  one  motor-generator  set.  The 
reversing  curves,  which  were  calculated  before  the  motors 
were  built,  were  based  on  a  complete  reversal  from  .7  full 
speed  to  .7  reverse  speed,  in  one  second,  using  a  dynamic 
braking  current  of  100%  momentary  overload.  In  actual 
service  at  the  time  the  mill  was  installed,  using  a  dynamic 
braking  current  of  150%  full  load,  the  reversing  of  the  mill 
was  obtained  in  .86  of  a  second.  Of  that  time  .3  of  a  sec- 
ond was  consumed  in  the  manipulation  of  the  contactors  of 
the  reversing  controller. 

These  reversing  motors  are  working  very  satisfactorily 
and  have  not  caused  a  moment's  delay  on  the  mills. 

This  is  a  case  where  two  reversing  motors  are  operated 
from  one  motor-generator  set.  It  is  a  comparatively  small 
motor,  800  h.p.,  and  the  control  is  a  well  known  armature 
control  type.  The  field  is  constant,  and  is  not  reversed; 
and  for  this  reason  we  do  not  have  to  take  into  consideration 
the  building-up  or  demagnetizing  effect  of  the  field. 

G.  E.  Stoltz:  There  was  one  question  brought  up  in 
regard  to  stalling  some  of  these  equipments.  I  think  the 
man  who  made  the  statement  did  not  realize  that  very  often 
these  motors  are  slowed  down  due  to  the  rolls  slipping  on 
the  mill.  This  ease  of  control  is  one  of  the  greatest  ad- 
vantages the  electric  drive  has  over  the  engine  drive;  in 
other  words,  if  the  rolls  begin  to  sUp  the  equipment  can  be 
brought  down  to  a  slow  speed  and  sometimes  it  must  be 
brought  to  a  standstill  before  the  rolls  grip  the  metal  and 
the  motor  can  be  accelerated  and  the  pass  finished.  The 
creeping  of  the  rolls  was  taken  care  of  in  some  of  the  in- 
stallations, but  it  was  found  undesirable.    It  is  mote  de^ix- 
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able  to  have  the  rolls  turn  very  slowly,  so  that  the  water 
will  be  distributed  over  the  whole  roll  instead  of  only  to 
one  side. 

In  regard  to  the  rating  of  these  equipments,  there  are 
different  fields  of  application,  varying  from  continuous  ser- 
vice to  intermittent.  We  have  the  continuous  rated  motor 
for  blowers,  etc.  We  also  have  the  one-hour  mill  rated  mo- 
tor and  the  one-half  hour  crane  rated  motor.  Here  we 
have  an  application  requiring  an  instantaneous  rating.  In 
other  words,  if  you  will  note  the  curves  which  Mr.  Jefferiea 
has  given  us,  you  will  see  that  the  limitation  or  the  feature 
which  determines  the  design  of  this  equipment  is  the  load 
that  the  equipment  must  stand  at  the  beginning  of  each 
pass.  During  the  first  few  passes  the  peak  lasts  through 
the  whole  pass,  but  it  is  only  for  the  duration  of  a  few  sec- 
onds. During  the  finishing  passes  the  peaks  are  acting  dur- 
ing the  first  part  of  the  pass,  when  we  not  only  require  the 
torque  to  roll  the  metal,  but  also  friction  and  acceleration, 
so  that  the  design  of  these  equipments  is  determined  more 
by  the  short  peak  load  which  corresponds  to  the  rating  that 
has  been  given  on  most  of  these  equipments  than  on  the 
heavy  load. 

The  Bethlehem  equipment  was  installed  with  artificial 
ventilation.  That  is  required  more  due  to  the  churning 
action  of  the  air  on  account  of  frequent  reversals  of  the  mo- 
tor and  slow  speed  of  rotation.  In  case  of  the  Steel  Com- 
pany of  Canada,  in  the  first  few  passes  the  motor  did  not 
obtain  much  over  25  rev.  per  min.,  and  in  reversing  back 
and  forth  at  such  slow  speed  it  is  practically  impossible  to 
ventilate  the  machine,  except  by  means  of  artificial  ventila- 
tion. In  Bethlehem  the  intake  was  near  some  gas  produc- 
ers and  considerable  gas  and  dust  was  brought  in  through 
the  machine.  It  was  therefore  necessary'  to  dispense  with 
artificial  ventilation.  The  enclosing  cover  between -the  two 
units  was  removed  and  the  air  was  allowed  to  go  out  into 
the  room  in  order  to  ventilate  the  substation. 

The  Bethlehem  Steel  Company's  equipment  is  still  oper- 
ating without  the  aid  of  artificial  ventilation.  This  is  a  new 
mill  and  although  they  are  not  up  to  the  tonnage  they  hope 
to  attain,  it  illustrates  the  folly  of  trying  to  rate  these  equip- 
ments  on  continuous  capacity.    The  main  thing  one  is  in- 


DISCUSSION:  ELECTRIC  REVERSING  BLOOMING  MILL    339 

terested  in  is  to  obtain  an  equipment  which  will  successfully 
roll  the  steel,  and  whether  the  customer  gets  a  2500  or  a 
3500  h.p.  continuous  rated  motor  will  mean  very  little  to 
the  purchaser. 

R.  W.  Davis:  The  list  of  reversing  equipments  at  the 
end  of  Mr.  Jefferies'  paper  is  interesting  in  that  it  points 
out  the  large  increase  in  the  number  of  electrically  driven 
reversing  mills  that  has  been  made  in  the  last  few  months. 
We  notice,  however,  that  one  of  the  earliest  electrically  driv- 
en reversing  blooming  installations  made  in  this  country  has 
been  omitted  in  the  list.  The  Algoma  Steel  Company  has 
had  an  electrically  driven  blooming  mill  in  successful  oper- 
ation for  several  years.  This  mill  was  started  in  1911  and 
was  laid  out  for  rolling  20"  x  20"  ingots  to  blooms.  The 
mill  is  driven  by  a  two  unit  motor  rated  4000  h.p.  normal 
(continuous)  or  10000  h.p.  max.  (Reversing  motor  rating) 
at  75  r.p.m.  Power  for  this  motor  is  supplied  by  a  fly- 
wheel motor  generator  set,  consisting  of  an  1800  h.p.  induc- 
tion motor,  a  fly-wheel,  and  two  1700  kw.  direct  current 
generators  operating  at  375  r.p.m.  synchronous.  Both  mo- 
tors and  generators  are  of  the  shunt  interpole  type  with 
compensated  fields. 

David  Hall:  As  considerable  has  been  said  in  discus- 
sion of  this  paper,  regarding  the  relative  merits  of  a  straight 
shunt  field  motor  versus  a  motor  having  a  field  so  excited  as 
to  give  an  increased  field  strength  with  an  increased  load, 
I  feel  that  some  further  explanation  in  regard  to  this  point 
should  be  made. 

The  compounding  effect  which  has  been  referred  to  is 
obtained  by  supplying  the  mill  motor  with  two  field  wind- 
ings ;  one  of  these  windings  is  excited  from  a  constant  volt- 
age; the  other  winding  is  excited  from  a  machine,  the  volt- 
age of  which  increases  with  the  load.  Such  an  arrange- 
ment gives  to  the  motor  a  kind  of  a  cushion  effect,  and  it 
also  affords  a  means  of  controlling  the  amount  of  peak  load. 
If,  for  any  reason,  it  is  preferred  to  operate  a  motor  as  a 
straight  shunt  machine,  instead  of  making  use  of  the  com- 
pound characteristics,  it  is  only  necessary  to  change  the  con- 
nections and  excite  both  of  the  motor  fields  from  a  constant 
potential.  Emphasis  is  called  to  this  particular  point  be- 
cause some  many  have  thought  that  when  a  molox  \^\>\r\\ 
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for  operating  with  the  compound   characteristics    that   it 
could  not  be  operated  as  a  straight  shunt  motor. 

One  of  the  speakers  referred  to  some  attempt  having 
been  made  to  cheapen  this  class  of  equipment  by  partial  com- 
pensation. Having  had  charge  of  the  design  of  all  of  the 
motors  referred  to,  and  tabulated  on  last  page  of  this  paper, 
with  one  exception,  I  can  state  positively  that  all  of  these 
equipments  have  been  supplied  with  full  compensating  win- 
dings, and  any  reference  to  partial  compensation  must  either 
refer  to  other  equipments  or  contemplated  equipments. 
Any  gain  in  cost  which  might  be  made  by  using  partial  com- 
pensation, that  is,  by  having  less  ampere  conductors  in  the 
pole  face  than  on  the  part  of  the  armature  which  is  covered 
by  the  pole  face,  would  be  extremely  small,  so  long  as  the 
machine  is  made  of  the  compensated  type,— entirely  too  smaD 
in  the  writer's  opinion,  to  be  seriously  considered.  In  fact, 
in  the  design  of  all  these  equipments,  good  performance  and 
rugged  construction  have  been  the  determining  elements  in 
the  design. 

E.  S.  Jeffries:  Mr.  Egan  asked  how  we  determined 
the  shaded  areas  of  Fig.  1.  The  areas  were  determined 
where  the  oscillograph  records  of  the  current  crosses  the 
zero  line.  The  bottom  curve,  curve  D  in  Fig.  2  is  obtained 
from  oscillograph  records  of  current  and  voltage. 

As  to  the  efficiency  curve,  in  Fig.  2,  the  fractional  load 
points  were  determined  by  allowing  for  the  frictional  losses 
of  rotation,  i.e.  considering  the  area  at  the  50  per  cent, 
point:  50  per  cent,  of  the  time  was  being  consumed  for 
frictional  losses  and  for  50  per  cent,  at  the  rate  as  shown 
in  Curve  D. 

As  to  the  question  of  the  input  as  shown  by  curve  "A" 
being  lo9,04o  kilowatt-seconds,  that  was  determined  from 
the  curve  as  plotted  from  the  oscillograph  records. 

As  to  the  questions  regarding  the  record  of  the  figures 
in  Tables  1,  2  and  3,  of  the  analysis  of  steel  roll,  size  of 
ingot,  finished  section,  elongation,  percentage  of  temper- 
ature of  the  ingot,  finished  billet,  etc.,  these  figures  you  will 
appivoiato,  were  taken  over  an  average  of  three  years,  the 
analysis  of  the  steel  varying  quite  widely  and  the  size  of  the 
ingot  remaining  about  15"  x  17"  and  the  size  of  the  finished 
section  averaging  from  3i.i>"  x  37 3"  up  to  8"  square.    The 


DISCUSSION:  ELECTRIC  REVERSING  BLOOMING  MILL    341 

draft  on  the  first  few  pieces  was  practically  always  2"  or 
2Vi",  although  to  see  what  the  equipment  would  do  we  have 
rolled  up  to  as  high  as  3V^"  and  4"  reduction,  but  the  quality 
and  analysis  of  steel  for  ordinary  rolling  does  not  allow  us  to 
take  these  heavy  drafts. 

Mr.  Crosby  spoke  about  the  equalization  of  the  load  due 
to  the  fly-wheel,  and  the  curve  shown  here  was  taken  when 
we  were  rolling  only  about  fifty  per  cent,  capacity  of  the 
mill  and  since  then  we  are  rolling  steel  now  which  has  load- 
ed the  mill  practically  up  to  its  capacity,  and  we  find  there 
that  the  input  of  the  motor-generator  set  is  practically  a 
straight  line,  there  were  slight  variations  between  ingots 
and  passes,  but  that  is  now  practically  constant,  due  that 
the  set  is  practically  worked  up  to  its  limit. 

As  to  the  question  of  the  creeping  of  the  mill  when  not 
rolling,  the  motor  does  creep  very  slowly,  probably  not  more 
than  one  rev.  x)er  min.,  due  to  the  residual  magnetism  in 
the  generator  fields,  but  if  the  mill  is  to  be  down  any  length 
of  time  opening  of  the  field  circuit-breaker  prevents  this  and 
prevents  any  accident  due  to  men  repairing  or  working 
around  the  mill. 

I  believe  in  one  installation  that  is  being  equipped  now 
special  means  have  been  provided  for  rotating  the  mill  mo- 
tors slowly  in  order  to  replace  broken  couplings  of  spindles. 
It  seems  to  me  that  the  extra  expense  in  providing  a  sepa- 
rate motor  to  do  this  is  really  unnecessary  when  the  motor 
can  be  rotated  as  slowly  as  even  half  a  revolution  per  minute 
with  the  normal  equipment.  We  have  not  found  any  dif- 
ficulty in  rotating  the  motor  slowly  enough  to  replace  any 
spindles  or  boxes. 

The  speeds  referred  to  of  the  motor  as  contracted  for 
were  70  rev.  per  min.  full  torque  and  100  rev.  per  min.  at 
reduced  torque.  That  is  the  approximate  conditions  under 
which  the  test  data  was  taken,  as  shown  in  the  paper,  but 
since  then,  due  primarily  to  a  reconnecting  of  the  set,  par- 
allel to  a  series  connection,  these  speeds  have  been  increased 
to  72.  rev.  per  min.  at  maximum  torque,  and  125  rev.  per 
min.  at  reduced  torque. 

In  stating  that  the  variable  potential  exciter  seemed  to 
retard  acceleration,  I  did  not  mean  that  to  apply  same  to 
reversal,  but  only  to  acceleration.    The  e\vatacXet\^\A&^  ^1 


342    DISCUSSION:  ELECTRIC :RE VERSING  BLOOMING  MILL 

the  compound  motor  do  retard  the  motor  in  accelerating 
under  those  conditions,  but  since  watching  the  Bethlehem 
mill  I  am  sure  that  the  time  of  acceleration,  which  is  im- 
portant when  the  mill  is  loaded  to  its  capacity,  is  retarded 
slightly,  and  whether  it  will  affect  the  tonnage  in  the  end  or 
not,  I  am  sure  only  experience  will  tell. 

The  Table  given  at  the  end  of  the  paper  regarding  in- 
stallations is  very  incomplete,  but  I  am  sorry  to  say  that 
the  manufacturers  refused  to  give  any  more  information, 
and  I  put  that  in,  primarily  to  show  the  number  of  installa- 
tions being  installed  at  this  time.  The  ratings  given  were 
the  ratings  given  me  by  the  manufacturers,  and  is  all  I 
could  go  by.  All  ratings  should  be  stated  in  a  table  like 
this,  as  h.p.  per  r.p.m. 


Presented  at 
Tenth  Annual  Convention 
Chicago,  III. 


THE  VALUE  OF  RECORDS  TO  AN  OPERATING 

ENGINEER 


By  ray  S.  HUEY 


When  an  engineer,  after  numerous  promotions,  reaches 
the  degreee  of  success  where  he  becomes  the  head  of  the 
department,  he  soon  is  confronted  with  the  problem  of  costs. 
There  is  not  a  move  made  nor  an  article  used  that  does  not 
cost  money,  and  the  engineer's  value  to  his  superiors  is 
measured  by  the  cost  of  operating  the  department  under  his 
regime  compared  to  that  of  his  predecessor.  Without  any 
previous  experience  he  is  unable  to  put  his  finger  on  the  high 
spots  and  he  gropes  around  in  the  dark  until  he  gives  the 
matter  enough  serious  thought  to  formulate  some  plan  to  get 
his  costs  into  some  shape  that  are  intelligible  to  him.  If  he 
is  of  an  investigating  turn  of  mind  and  wishes  to  know  why 
some  things  seem  to  cost  more  than  is  necessary,  he  will 
soon  start  some  comparative  records,  probably  crude  and 
simple  at  first.  These  will  be  amplified  as  time  and  experi- 
ence require. 

Although  the  final  manufactured  product  may  be  the 
same,  local  conditions  make  the  methods  of  procedure  more 
or  less  different,  so  the  engineer  must,  by  necessity,  work 
out  his  own  salvation  and  adopt  methods  of  his  own  to  suit 
his  own  particular  needs.  It  is  therefore  impossible  to  make 
a  standard  that  we  can  say  is  suitable  for  all  conditions. 
Any  record  that  is  of  any  value  whatever  should  be  accurate, 
and  to  be  accurate  it  should  be  automatic.  By  that  I  mean 
that  it  should  be  kept  up  at  all  times  as  part  of  the  every  day 
routine?  and  should  not  be  a  record  of  an  isolated  case  or  one 
that  has  to  be  dug  out  of  a  maze  of  figures,  or  data  of  doubt- 
ful value,  which,  when  finished,  cannot  possibly  be  as  accur- 
ate as  one  that  is  kept  up  as  part  of  the  regular  work. 

343 
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Unless  this  is  done  as  routine  work,  one  of  the  human 
cogs  in  machines  forgets  to  do  his  part  at  some  critical  time, 
and  the  results  of  a  test  or  trial  always  depend  on  more  than 
one  person,  and  the  record  is  then  incomplete  and  inaccurate 
and  therefore  may  be  misleading. 

When  the  relative  merits  of  a  purchased  article  are  con- 
sidered, if  a  record  or  series  of  records,  on  a  number  of  com- 
peting articles,  are  available,  it  carries  infinitely  more  weight 
in  an  argument  with  the  salesman  and  the  purchasing  de- 
partment than  an  occasional  record,  because  it  is  clearly  to 
be  seen  that  the  chance  for  error  is  a  great  deal  less  when 
the  record  is  kept  automatically  and  completely  for  any  and 
all,  regardless  of  whether  it  is  a  special  test  or  not. 

Special  tests,  by  the  way,  are,  as  a  rule,  quite  unreliable 
and  it  is  generally  only  after  repeated  tests  that  the  advant- 
ages and  disadvantages  are  fully  known. 

It  is  with  these  thoughts  in  mind  that  this  paper  is 
presented,  to  give  you  a  few  ideas  that  have  been  impressed 
on  me,  in  the  hope  that  it  will  be  of  some  assistance  to  those 
that  desire  to  obtain  more  definite  information  regarding 
the  details  of  their  departments. 

When  a  company  expands  and  builds  new  plants,  the  or- 
ganization is  new  and  more  or  less  inexperienced  and  there 
is  no  one  who  knows  the  cost  of  this  or  that  detail.  At  the 
end  of  the  month,  a  statement  is  received  from  the  account- 
ing department,  giving  the  cost  of  each  item  on  the  cost 
sheet. 

Any  detailed  costs  are  obtained  only  by  great  effort 
and  are  unreliable.  I  do  not  mean  to  cast  any  reflections 
on  accounting  departments,  but  the  ordinary  facts  and  fig- 
ures from  which  these  details  are  obtained  are  not  sufficient 
from  which  to  get  accurate  results. 

As  time  goes  on  and  experience  increases,  a  system  is 
devised  that  gives  invaluable  and  reliable  records,  and  costs 
no  more  than  the  old  unreliable  methods. 

In  the  office  may  be  a  clerk,  whose  duties  require  him 
to  keep  a  set  of  record  books  that  should  be  up-to-date  at  all 
times. 

These  books  are  of  the  loose-leaf  variety,  composed  of 
sheets  on  which  is  ruled  and  printed  in  a  quantity,  or  ruled 
by  hand  the  substance  of  t\ve  record  to  be  kept.     Each  ma- 
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chine  and  part,  on  which  a  record  is  kept,  should  have  a 
separate  sheet,  and  if  the  number  of  sheets  is  large  enough, 
due  to  the  number  of  machines  or  to  the  number  of  parts 
replaced,  to  warrant  the  expense  of  a  printed  sheet,  it  is  a 
labor-saver,  but  for  those  starting  a  record  it  is  advisable  to 
rule  up  the  sheets  by  hand  the  first  time,  on  account  of  the 
frequent  changes  necessary  to  get  the  record  into  a  more 
or  less  complete  and  satisfactory  state. 

Each  sheet  should  be  ruled  up  to  suit  the  needs  of  the 
particular  machine  of  which  it  is  to  be  the  record,  and  all  the 
parts  should  be  included  ill  it,  so  that  the  sheet  is  a  com- 
plete record  of  that  particular  machine. 

In  our  particular  case,  each  foreman  in  charge  of  a 
number  of  men  in  the  mechanical,  electrical  or  operating  de- 
partment makes  out  a  mill  report,  some  on  printed  daily  re- 
port-sheets which  are  sent  to  the  office  for  cost  and  output 
purposes,  such  as  the  operating  department,  and  some  on 
a  plain  sheet  of  paper  where  a  printed  form  will  not  do,  such 
as  the  mechanical,  and  electrical  departments.  The  oper- 
ating department  in  the  "remarks  column"  makes  note  of 
any  machine  down  for  repairs  and  states  in  general  what  is 
being  done.  On  the  mechanical  or  electrical  foreman's  re- 
port, a  detailed  statement  is  made  showing  the  pattern 
number  of  the  parts  changed,  or  any  other  identifying  re- 
marks if  it  has  no  pattern  number,  and  the  reason  for  the 
change,  such  as  broken,  worn  out,  etc. 

When  the  article  is  purchased  from  the  storeroom,  if 
it  has  anything  special  it  is  tagged  with  those  features  ex- 
plained and  this  is  embodied  in  the  report. 

On  any  very  particular  or  expensive  replacement,  it  is 
customary  to  have  a  copy  of  the  store  ticket  forwarded  to 
the  superintendent's  office.  These  items  are  very  few  but 
it  is  another  check  on  the  time  it  was  put  in.  This  is  also 
done  to  call  this  matter  particularly  to  the  Superintendent's 
attention,  as  he  may  wish  to  make  some  personal  observa- 
tions  of  the  article  in  use. 

After  the  superintendent  has  made  his  usual  daily  in- 
spection of  the  reports,  they  are  forwarded  to  the  clerk  who 
enters  in  his  books,  each  item,  against  its  respective  mill, 
giving  date  installed,  the  reason  for  its  installation,  material 
and  any  other  illuminating  remarks  in  the  report. 
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When  a  new  part  is  entered  as  having  been  installed, 
it  is  obvious  that  the  old  piart  is  removed  and  either  that 
it  has  served  the  limit  of  its  usefulness  or  has  to  be  rejuven- 
ated and  put  back ;  all  of  which  can  be  taken  care  of  in  the 
record.  If  there  are  a  number  of  the  same  articles  in  one 
machine,  the  parts  are  numbered  and  the  record  kept  of  the 
numbers  and  it  then  makes  no  difference  if  the  parts  are 
taken  out  and  put  in  another  machine  of  the  same  kind,  as 
the  record  follows  the  number. 

If  it  is  removed  on  account  of  its  inability  to  be  of  fur- 
ther service,  the  clerk  from  the  mill  practice  records  gets 
the  actual  life  in  hours,  days,  weeks  or  months  or  it  can  be 
worked  out  to  give  results  in  tons  made,  or  barrels  convey- 
ed, or  any  other  desirable  unit. 

If  it  is  desirable  to  go  further,  a  column  can  be  provided 
for  the  unit  cost  of  operation  which  will  work  out  as  cost 
per  hour,  day,  barrel,  ton,  etc.,  which  is  the  figure  desired. 
This  can  be  misleading  if  the  proper  unit  is  not  selected,  as 
an  illustration  will  show :  A  belt  conveyor  was  installed  and 
a  number  of  belts  used.  The  record  had  been  kept  to  show 
the  cost  per  hour  of  operation.  It  was  observed  that  the 
more  recent  belts  were  not  showing  as  good  cost  per  hour 
and,  after  going  over  the  record  carefully  and  comparing 
the  quantity  of  material  conveyed  which  aftei  all  was  what 
was  desired,  it  was  found  that  on  account  of  the  increased 
capacity  of  the  plant  at  the  later  date,  the  later  belts  bad 
conveyed  much  more  material  than  the  first  ones  and  there- 
fore the  cost  per  barrel  was  less  while  the  cost  per  hour  was 
more. 

Since  the  cost  per  barrel  was  the  unit,  it  is  needless  to 
say  the  accounting  department  employed  that  the  costs  of 
all  belts  after  that  were  recorded  in  cost  per  barrel. 

After  the  record  had  been  kept  for  some  time  and  a 
study  made  in  some  particular,  there  will  be  facts  standing 
out  so  boldly  that  the  wonder  is  they  were  not  seen  before. 
A  different  quality,  a  different  kind  of  material  or  any  other 
variation  out  of  the  ordinary  is  instantly  comparable  with 
years  of  past  experience  and  it  has  been  the  means  of  re- 
ducing the  cost  of  some  repairs,  not  only  10,  20  or  309c,  but 
in  some  cases  500%.     These,  however,  are  rare  cases. 
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Most  records  not  kept  in  a  regular  way  are  kept  in 
someone's  memory,  and  after  a  set  of  records  has  been  kept 
it  is  very  interesting  to  see  how  exceedingly  unreliable,  un- 
trustworthy and  misleading  the  memory  can  be. 

Furthermore,  when  the  record  is  left  to  the  memory  of 
someone  or  ones,  a  salesman  may  have  good  reason  to  be- 
lieve that  his  goods  are  not  getting  fair  and  impartial  treat- 
ment and,  in  some  cases,  it  may  lead  to  even  more  sinister 
thoughts,  but  when  confronted  by  actual  records,  he  should 
have  no  doubt  in  his  mind  that  he  is  being  fairly  and  gener- 
ously treated.  On  account  of  the  records,  the  salesman 
goes  back  with  a  report  from  which  his  firm  can  work  to  im- 
prove the  quality  of  output  of  the  article  in  question — quite 
frequently  with  success.  The  improved  article  then  helps 
the  operating  engineer  to  get  better  results  which,  in  turn, 
decrease  costs. 

I  also  believe  that  you  get  more  courtesy  and  respect 
from  salesmen  or  engineers,  as  they  will  not  take  up  a  busy 
man's  time  in  trjring  to  sell  an  article  if  they  can  see  for 
themselves  that  the  article  is  unsatisfactory.  On  the  other 
hand,  if  evidence  is  not  at  hand,  the  salesman  may  confident- 
ly believe  that  the  article  will  be  suitable  and  economical, 
and  he  may  be  right  if  you  cannot  argue  with  any  facts  to 
back  you  up. 

A  few  instances  will  show  how  valuable  these  records 
may  become.  A  certain  mill  required  20  heavy,  expensive, 
steel  plates  which,  although  made  from  the  same  heat,  seem- 
ed to  give  very  widely  different  results.  It  was  only  by 
means  of  the  records  in  connection  with  experiments  relat- 
ing to  the  mixture,  analysis  and  heat  treatment  that  the 
service  of  these  plates  was  increased.  Some  of  these  plates 
lasted  a  year  or  more  and  while  they  were  3-in.  thick  at  the 
start,  wore  to  a  thickness  of  less  than  V^-in.  before  they 
broke.  Others  would  break  and  split  from  end  to  end  in  one 
day  and  it  was  necessary  to  dismantle  a  machine  and  install 
a  new  plate,  which  was  a  long  and  expensive  delay.  Analy- 
ses were  made  and  the  good  and  bad  plates  might  have  the 
same  analyses  and  no  results  were  obtained  from  them.  A 
microscope  was  purchased  and  the  steel  of  a  good  plate  was 
examined  physically  along  with  the  chemical  analysis 
Then  the  bad  ones  were  examined  the  same  way  and  photo- 
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graphs  were  made.  Different  heat  treatments  were  then 
tried,  as  the  physical  analyses  seemed  to  show  that  the  steel 
had  not  been  properly  heat-treated. 

By  comparing  the  records  with  the  data  obtained  from 
these  analyses,  both  physical  and  chemical,  it  was  noted  that 
progress  was  being  made  in  the  plant.  By  the  continuation 
of  this  investigation,  the  plates  were  finally  manufactured 
so  that  they  all  gave  uniformly  good  results. 

The  extra  service  obtained  from  these  plates  alone 
would  pay  for  the  cost  of  keeping  the  records  in  the  whole 
plant. 

Another  illustration,  showing  the  advantage  of  a  record 
in  a  minor  detail,  is  one  on  incandescent  lamps.     It  showed 
at  first  that  the  life  of  the  lamps  was  very  low.     Upon  in- 
vestigation, it  was  found  that  the  voltage  of  the  system 
fluctuated  greatly,  so  a  Tirrill  regulator  was  installed.     The 
record  was  then  kept  of  all  lamps,  250  watt  and  above. 
When  a  lamp  was  installed,  the  date  was  scratched  in  the 
skirt  of  the  base  and  when  it  came  out,  this  date  was  also 
scratched  on  it.     A  tag  was  then  attached  to  the  lamp  giv- 
ing location  used,  date  in  and  out,  life  in  hours  and  the  rea- 
son for  its  failure  if  known,  such  as  broken  filament,  poor 
vacuum,  glass  spalled  off  at  leading-in  wire,  etc.,  with  any 
remarks   when  something  out  of  the   ordinary  occurred. 
This  lamp  was  taken  by  the  foreman  to  his  office  where  he 
has  a  book  in  which  he  or  a  clerk  enters  this  information. 
The  lamp  with  its  tag  then  returns  to  the  storeroom  where 
it  is  kept  safely  until  inspected,  if  desired,  by  the  manufac- 
turers representative  if  the  life  has  not  been  up  to  its  guar- 
antee.    When  the  manufacturer's  representative,  who  ad- 
justs these  matters,  comes  to  the  mill,  is  shown  the  records 
together  with  the  lamps  and  actual  results  on  which  to  base 
his  reports,  and  a  settlement  of  a  claim  is  always  satisfac- 
torily adjusted  with  the  feeling  on  both  sides  that  there  is 
no  guesswork  about  it. 

Another  valuable  minor  record  was  one  kept  on  fuses. 
In  this  mill  were  approximately  600  a-c,  25-cycle  motors. 
These  motors  were  fairly  well  loaded,  but  due  to  variations 
in  voltage  and  frequency  a  very  large  number  of  fuses  were 
blown  daily.  It  would  have  been  impossible  to  have  kept  in 
stock  enough  fuses  to  last  until  new  ones  were  purchased 
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and  it  was  necessary  to  refill  the  old  ones,  which  was  done 
as  needed.  The  fuses  were  finally  turned  over  to  the  store- 
room, which  placed  orders  on  the  shop  for  refilling  and  a 
record  of  the  cost  of  refilling  was  made. 

All  labor  and  material  were  charged  up  and  a  compari- 
son made  of  the  cost  of  refilled  fuses  against  new  fuses,  and 
also  against  the  refiUable  fuses. 

Records  on  motors,  showing  the  location  where  used 
and  causes  of  failure,  will  go  a  long  way  toward  correcting 
the  trouble  when  the  causes  are  apparent. 

During  the  recent  depression,  a  reduction  in  the  number 
of  men  in  the  shop  was  imperative  so  the  shop  crew  was 
divided  into  two  groups.  One  group  worked  two  weeks  and 
then  the  other  group  worked  two  weeks. 

By  the  aid  of  the  shop  records,  it  soon  became  apparent 
that  certain  men  were  able  to  accomplish  twice  as  much  as 
the  men  that  worked  on  the  same  work  the  previous  week. 
It  was  therefore  possible  to  get  more  out  of  the  slower  ones 
by  the  competition  and  to  weed  out  the  drones. 

Another  record  of  great  value  is  the  pattern  record.  In 
the  ordinary  mill,  repairs  are  made  at  the  plant  on  practic- 
ally all  the  mechanical  and  electrical  machinery.  The  pat- 
terns of  the  parts  are  made  and  castings  kept  in  stock  eith- 
er rough  or  machined.  It  is  one  of  the  most  difficult  tasks 
in  the  plant  to  get  the  right  casting  every  time  it  is  needed, 
and  it  is  frequently  the  case  that  the  record  of  the  casting 
cannot  be  located  at  all  by  the  man  needing  it,  or  the  store- 
keeper. It  may  be  in  stock  but  the  man  asking  for  it  may 
not  know  the  name  or  pattern  number  and  the  storekeeper, 
not  being  a  mind-reader,  is  unable  to  satisfy  his  customer. 
Pattern  records  were  kept  in  consecutive  order  but  in  this 
shape  they  were  useless.  A  number  of  records  were  tried 
with  indifferent  success  but  it  finally  led  to  a  pattern  record 
that  seemed  to  fill  the  bill  for  both  the  mill  and  storekeeper. 
A  tracing  was  made  on  a  sheet  about  8-in.xlO-in.  and  a  sheet 
made  for  each  mill,  machine  or  motor.  On  this  sheet  were 
recorded  every  part  used  on  the  machine.  If  the  part  had 
a  pattern  number,  it  was  given  with  the  name  or  description 
of  the  part,  material  from  which  it  was  made,  drawing  num- 
ber on  which  it  was  shown,  the  building,  the  machine  it  was 
in,  number  used  per  unit  and  any  other  remarks.    \i  \\.  ^2^^ 
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a  forging  or  a  coil  or  some  other  part,  it  was  listed  also  under 
the  machine  of  which  it  was  a  part,  so  when  the  sheet  was 
complete  it  was  a  complete  record  of  the  parts  of  the  ma- 
chine. 

These  sheets  were  blue  printed  and  bound  into  a  booklet 
with  brass  split  pins  with  a  tough  paper  cover.  These 
booklets  were  then  distributed  among  the  foremen  and  to 
the  storekeeper.  When  the  men  came  to  the  foreman  for 
a  repair,  all  the  foreman  needed  to  do  was  to  refer  to  his  re- 
ference book  and  knowing  what  machine  it  belonged  to,  it 
was  easy  to  identify  the  particular  part  and  send  an  intel- 
ligent order  to  the  storekeeper.  It  took  less  time  to  find 
out  what  was  wanted  and  less  time  for  the  storekeeper  to 
fill  the  order  and  has  been  very  satisfactory. 

In  conclusion,  I  want  to  say  a  word  of  warning,  as  there 
is  a  danger  of  carrying  this  matter  of  records  too  far.  When 
their  value  is  realized  and  a  system  is  started  the  engineer 
may  feel  that  he  wants  records  of  everything  and  then  to  go 
to  excess  in  the  matter,  so  that  the  expense  of  keeping  them 
up  is  not  justified  by  the  advantages  derived. 

Therefore,  one  of  the  important  questions  to  be  decided 
is  what  records  are  of  enough  value  so  that  the  information 
derived  therefrom  will  warrant  the  necessary  expense  of 
keeping  them  and,  that  having  been  decided,  the  next  thing 
is  just  how  to  keep  the  records  to  give  the  desired  informa- 
tion. This  last  question  will  eventually  take  care  of  itself, 
as  only  by  a  trial  and  subsequent  alteration  will  a  record 
be  found  to  be  complete  enough  for  satisfactory  use. 


DISCUSSION 


F.  A.  Wiley:  We  agree  with  Mr.  Huey  in  every  point 
that  he  has  brought  out  in  his  paper,  relative  to  importance 
of  keeping  accurate  records  of  all  repairs  and  replacements. 
If  you  want  to  know  just  what  it  costs  to  make  a  certain  ar- 
ticle or  the  cost  to  operate  a  certain  department,  an  adequate 
system  of  costs  is  necessary.  It  is  not  absolutely  necessary 
to  have  a  complete  shop  order  or  cost  system  to  know  what 
the  finished  product  will  cost,  the  accounting  department 


DISCUSSION:    VALUE  OF  RECORDS  361 

can  tell  that  at  the  end  of  the  month  or  at  the  close  of  the 
year.  Suppose  that  when  the  accounting  department  sub- 
mits the  cost  for  the  previous  month  to  the  management, 
and  the  cost  of  the  finished  product  would  be  higher  than 
he  had  figured  on,  and  they  should  ask  the  department  sup- 
erintendent why  it  cost  so  much  to  run  his  department  last 
month.  He  would  be  unable  to  say  unless  he  had  an  accur- 
ate account  of  all  work  done  in  his  department  for  the  month 
or  year  as  the  case  may  be.  These  records  can  only  be 
kept  by  a  correct  shop  order  system. 

It  is  true  that  it  will  require  extra  help  to  keep  up  a 
shop  order  and  record  system,  but  I  believe  that  it  is  a  mo- 
ney saving  proposition  in  the  end.  A  complete  record  of  the 
cost  of  all  repairs  of  the  individual  machines  is  the  most 
convincing  argument  that  a  man  can  produce  when  he  has 
occasion  to  go  to  the  general  superintendent  and  ask  for 
certain  improvements  to  be  made  in  a  certain  machine.  All 
work  passing  through  the  repair  department  should  be 
handled  by  a  suitable  shop  order  system,  no  matter  how 
large  or  how  small  the  job  may  appear.  There  are  times 
when  apparently  a  small  job  will  develop  into  a  very  large 
cost  before  it  is  completed.  I  also  believe  that  the  shop 
cost-system  has  a  tendency  to  lower  the  cost  of  a  great  many 
jobs  of  work  that  pass  through  the  repair  shop,  if  a  work- 
man knows  that  he  can  be  readily  checked  up  on  the  number 
of  hours  that  he  put  in  on  a  certain  piece  of  work  and  the 
amount  of  material  used  is  a  matter  of  record,  he  will  in  my 
opinion  be  a  little  more  careful,  than  if  there  was  no  record 
kept  of  the  job.  The  value  of  adequate  records  cannot  be 
too  strongly  emphasized.  I  also  believe  that  a  suitable  sys- 
tem of  costs  has  a  tendency  to  increase  the  efficiency  of  any 
department  in  any  class  of  manufacture. 

Ludwig  Hommel:  Mr.  Huey's  remarks  have  dealt 
mostly  with  records  pertaining  to  maintenance  and  up-keep 
costs.  I  should  like  to  have  you  consider  the  records  by 
which  you  obtain  your  power  costs,  also  the  distribution  of 
such  costs  among  the  various  departments  of  your  plant, 
and  the  importance  of  these  records. 

The  first  requisite  toward  obtaining  cost  per  kw-hr.  is 
to  know  the  total  kw-hr s.  generated  in  a  given  time.  This 
is  invariably  done  nowadays  by  means  of  watthour  meters. 
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Dividing  the  total  kw-hrs.  into  each  of  the  component 
parts  that  go  to  make  up  the  total  cost  of  generating  the 
electric  energy,  such  as  cost  of  coal,  boiler  room  expense, 
engine  room  expense,  machinery  up-keep,  coal  and  ash 
handling,  etc.,  the  cost  per  kw-hr.  of  each  of  these  compon- 
ent parts  is  obtained.  Comparing  these  costs  per  kw-hr. 
with  similar  records  in  the  past  or  with  similar  records  of 
other  plants,  excessive  cost  items  are  quickly  located,  and 
remedies  can  be  applied.  A  good  many  companies  have  ad- 
opted a  standard  system  of  accounting  and  reporting  for  pur- 
pose of  obtaining  the  records  just  mentioned. 

Of  equally  gi'eat,  or  even  greater,  importance  than  de- 
termining the  cost  per  kw-hr.  is  the  accurate  distribution 
of  the  total  energy  cost  to  the  various  departments  of  the 
plant.  In  the  first  place,  it  is  a  fundamental  necessity  for 
any  manufacturer  to  know  that  his  products  cost  him  and 
what  each  manufacturing  operation  costs.  Without  that 
exact  knowledge  he  cannot  be  certain  that  his  sales  price  is 
giving  him  proper  margin  of  profit.  Without  this  informa- 
tion he  also  has  no  comparison  from  month  to  month  wheth- 
er his  manufacturing  costs  remain  constant  or  change. 
Without  the  cost  of  electric  current  being  included,  the  cost 
figures  of  manufacturing  operations  are  incomplete. 

Considerable  savings  in  the  use  of  electric  energy  are 
almost  always  effected  whenever  a  system  for  accurately 
distributing  cost  of  electric  power  is  installed  in  a  plant 
Let  me  cite  a  few  examples  which  ^ill  illustrate  the  reasons 
why  such  savings  are  effected.  In  one  instance  it  was  found 
that  the  lighting  when  metered  separately  from  the  power, 
actually  used  more  electric  energy  than  the  machinery  iii 
the  department.  A  rearrangement  of  the  lighting  layout 
resulted  in  a  considerable  saving.  This  was  due  purely  to 
knowing  the  actual  figures. 

In  many  other  instances  when  the  foremen  found  that 
account  was  being  kept  of  the  energy  used  in  their  depart- 
ments, they  became  careful  to  see  that  lights  were  turned 
off  when  not  needed  and  machinery  shut  dowTi  when  not  re- 
quired. Incidentally,  this  removed  an  excuse  used  by  some 
foremen  when  confronted  with  high  operating  costs,  namely 
that  such  high  costs  were  due  to  an  unfair  charge  against 
their  department  for  energy  used.    It  is  found  by  experi- 
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ence  that  the  saving  due  to  exact  knowledge  of  energy  cost 
is  permanent,  because  the  foremen  and  operators  in  the  de- 
partments realize  very  soon  that  an  exact  record  of  the  per- 
formance is  taken. 

When  comparing  actual,  accurate  figures  with  previous- 
ly assumed  figures  for  departmental  energy  costs,  very  great 
discrepancies  are  often  found,  and  consequently  low  produc- 
tion costs  may  be  found  to  be  high,  and  vice-versa. 

An  important  use  of  records  obtained  by  means  of 
watthour  meters  or  graphic  recording  meters  is  found  in 
comparing  the  cost  of  energy  of  different  departments  which 
have  similar  equipments  in  use  or  comparing  the  energy 
costs  of  different  equipments  in  the  same  departments  and 
under  the  same  operating  conditions. 

Many  mills  have  storage  battery  installations  for  re- 
gulating and  stand-by  purposes.  To  obtain  a  check  on  the 
efficiency  of  these  batteries,  ampere  hour  meters  are  very 
valuable.  They  are  also  highly  important  in  preventing  un- 
necessary overcharges  with  resulting  shortening  of  life  of 
the  battery,  etc. 

As  an  example  of  what  results  can  be  obtained  by  in- 
telligent use  of  watthour  records,  let  me  refer  to  the  so 
called  "Economy"  Street  Railway  Meter  and  record  system 
worked  out  for  same.  While  this  does  not  apply  directly 
to  steel  mills,  yet  I  believe  a  few  words  on  it  will  be  of  in- 
terest as  possibly  offering  some  suggestions  to  the  mill  en- 
gineer. 

"Economy"  watthour  meters  are  installed  on  street  rail- 
way cars,  being  read  at  the  end  of  each  motorman's  run,  or 
upon  changing  crews.  These  records  computed  against 
mileage  show  the  kw-hrs.  per  car  mile  for  each  motorman. 
Knowing  that  a  record  is  kept  of  his  efficiency  in  operating 
his  car,  the  motorman  soon  learns  to  handle  the  car  in  the 
most  efficient  manner,  and  this  is  at  the  same  time  the 
manner  of  operation  which  will  cause  the  least  wear  on  the 
car,  besides  saving  energy  that  runs  up  to  a  great  deal  of 
money  in  a  year's  time.  This  also  has  the  effect  of  making 
the  motorman  more  particular  to  see  that  his  car  is  in  good 
condition  when  he  takes  it  out,  which,  in  turn,  makes  the 
»shop  look  over  the  equipment  much  more  careiuWy . 
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The  street  railway  companies  also  have  obtained  excel- 
lent results  by  comparing  energy  consumption  of  various 
types  of  equipment  over  the  same  route  to  see  which  is 
best  suited,  etc. 

In  conclusion,  it  has  been  my  experience  among  a  large 
number  of  mills  that  records  obtained  by  the  metering  of 
energy  generated  or  bought  and  of  its  distribution  among 
departments  are  productive  of  quick  and  lasting  material 
benefits.  They  are  very  easily  and  accurately  obtained  and 
at  a  low  cost. 

C.  S.  Lankton:  I  have  not  been  able  to  prepare  a  dis- 
cussion of  this  paper.  All  that  Mr.  Huey  says  I  fully  agree 
with.  Oftentimes  it  is  quite  hard  to  obtain  the  co-operation 
of  the  people  in  your  department.  They  do  not  see  the  ne- 
cessity of  systematic  operation  in  reference  to  records. 
They  do  not  see  the  value  of  it.  They  think  that  you  are 
carrying  things  to  an  extreme  which  is  not  called  for. 
Hence,  when  you  try  to  systematize  it  should  be  started  out 
gradually.  The  important  thing  should  be  started  first,  and 
by  showing  the  people  in  your  department  the  value  of 
systematic  records,  then  you  can  increase  your  activity  into 
some  other  department,  and  in  this  way  work  from  one 
thing  to  another  until  finally  you  get  your  plant  wholly  sys- 
tematized. 

A.  G.  Pierce :  Mr.  Huey's  paper  is  most  valuable.  The 
cost  division  of  a  department  is  its  heart.  Mr.  Huey  has 
truly  stated  that  no  department  makes  for  continued  suc- 
cess without  a  well  organized  division  for  co-ordinating  its 
technical  and  financial  data;  performing  this  work  system- 
atically and  regularly,  studying  to  obtain  sufficient  data  for 
conjectured  requirements  and  yet  limiting  its  volume  to 
what  is  really  wanted.  There  is  a  passing  tendency  to  over- 
look the  cost  division,  to  consider  it  an  overhead  expense,  to 
magnify  the  intelligent  guess.  I  have  called  this  a  passing 
tendency  because,  with  Mr.  Huey,  I  believe  that  department 
heads  more  and  more  realize  the  importance  of  reasonable 
exactness,  and  must  rely  on  the  regularly  obtained  results 
of  the  cost  division  as  a  basis  for  their  conclusions.  Specific 
comment  on  three  points  in  the  paper  follows : 

Unnecessary  Accuracy :  The  perspective  of  the  engin- 
eering and  accounting  departmeivts  differs  from  that  of  the 
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managerial.  The  former  tends  to  exactness;  the  latter  to 
approximations.  The  electrical  superintendent  of  a  steel 
mill  today  is,  to  my  mind,  much  more  of  a  manager  than  a 
chief  engineer  or  auditor,  and  consequently  his  mind  must 
deal  in  approximations,  reasonably  exact  of  course,  but 
nevertheless  approximations,  rather  than  with  exact  figures. 
This  viewpoint,  his  cost  division  must  reflect.  The  neces- 
sary accuracy  of  the  accounting  and  engineering  depart- 
ments, I  beUeve  to  be  unnecessary  in  the  department  cost 
division.  It  is  suggested  that  while  an  accuracy  of  1%  or 
better  is  necessary  for  engineering  or  accounting,  5%  ac- 
curacy should  be  ample  for  the  cost  division  under  analysis. 
This,  of  course,  is  a  general  statement  and  can't  be  any- 
thing more. 

The  sacrifice  of  unnecessary  accuracy  should  give  time 
for  the  study  of  greater  ingenuity  in  the  determination  and 
application  of  the  records.  Mr.  Huey  has  stated  that  ac- 
counting department  records  do  not  answer  his  purpose  gen- 
erally. Possibly  the  reason  for  this  lies  in  the  foregoing 
explanation. 

Time,  frequency,  and  load  elements  in  securing  technic- 
al data :  The  life  of  a  piece  of  apparatus  or  a  part  depends 
on: 

The  time  that  it  is  in  use. 

The  frequency  with  which  it  is  put  in  use. 

The  proportional  amount  of  its  rating  that  it  normally 
carries. 

Such  other  factors  as  affect  the  life. 

These,  I  believe,  should  be  associated  in  arriving  at  the 
life  factor.  It  is  unfair  to  judge  the  life  solely  from  the 
period  from  date  of  installation  of  the  machine  or  its  part 
to  its  renewal. 

I  have  not  attempted  to  work  out  how  these  factors 
should  be  associated,  but  picture  it  by  applying  a  system  of 
points,  each  component  to  have  a  determined  relation  to  the 
whole — ^that  i&  to  the  life. 

Naturally  such  a  method  should  be  adopted  in  a  cost 
division  only  after  a  careful  analysis.  Once  determined, 
however,  it  is  simple  in  application.  Undoubtedly,  similar 
arrangements  already  exist,  and  the  matter  is  presented 
purely  by  way  of  discussion. 
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Use  of  data  secured:  The  paper  describes  some  of 
the  uses  made  of  the  data.  In  addition  it  migrht  be  used 
as  has  been  done  in  some  bonus  arrangement  familiar  to 
shop  practice,  but  applied  in  this  case  to  keep  down  the  ex- 
pense of  renewals,  by  giving  a  bonus  to  operators  or  care- 
takers of  machinery  who  reduce  renewals  to  certain  mini- 
mum standards. 

Another  use  would  be  to  give  to  the  manufacturers  in- 
formation on  the  life  of  their  product.  This  it  seems  to  me 
would  be  invaluable.  Most  manufacturers  base  their  de- 
signs on  general  data  in  their  engineering  department,  plus 
such  actual  knowledge  from  renewal  orders,  miscellaneous 
reported  and  observed  information  and  complaints,  as  come 
in.  They  have  usually  opportunity  to  make  only  approxim- 
ate life  tests  under  working  conditions  in  their  own  shops. 
This  data  secured  in  the  mill  and  of  record  gives  practical 
information  of  the  highest  order  and  I  counsel  that  were 
it  available  for  the  manufacturers,  it  should  result  in  better 
apparatus  more  quickly  produced — the  end  for  which  we  are 
all  striving. 

T.  E.  Tynes:  The  author  has  brought  out  such  good 
arguments  for  keeping  records  that  there  is  very  little  which 
can  be  added  to  what  he  said,  and  what  I  might  say  would 
be  in  the  way  of  strengthening,  if  possible,  his  remarks. 
He  says,  in  substance,  any  record  to  be  of  value  should  be 
correct  and  should  be  automatic,  and  I  might  add  should  be 
dated.  All  of  us  have  probably  experienced  the  difficulty 
of  getting  the  mill  men,  when  they  make  a  report,  to  put  a 
date  on  it.  If  it  is  not  dated,  the  conditions  change  so  often 
that  the  record  may  be  of  no  use  whatever  when  it  comes 
to  drawing  conclusions  from  it. 

Mr.  Huey  also  speaks  of  keeping  track  of  anything  that 
is  of  a  special  nature,  by  tagging  it,  and  putting  on  the  tags 
the  special  features  you  want  the  record  made  up  from. 
That  means  that  someone  must  be  charged  with  the  respon- 
sibility of  putting  those  things  on  the  tag  of  which  a  record 
is  desired. 

Another  thing  which  is  brought  out,  is  that  in  making 
a  record,  a  proper  unit  must  be  chosen  as  a  standard  of  com- 
parison. For  instance,  you  might  have  two  motors  in  a 
mill,  and  each  of  these  motors  have  had  a  part  in  producing 
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certain  tonnage,  but  one  motor  may  perform  four  or  five 
times  as  often  as  the  other  in  producing  that  tonnage,  and 
you  cannot  judge  the  life  of  the  equipment  by  the  tonnage 
produced  by  it.  You  must  take  into  account  the  manner 
of  operation. 

Also,  as  Mr.  Pierce  has  brought  out,  the  record  of  a 
piece  of  apparatus  must  be  judged  by  its  operation  rather 
than  by  the  date  of  its  installation  and  the  date  of  removal. 

Another  very  important  point  brought  out  by  the  au- 
thor is  that  you  cannot  always  get  a  solution  of  a  problem 
by  one  method  of  attack.  For  instance,  he  speaks  of  some 
plates,  of  which  an  analysis  was  made,  and  they  showed  up 
the  same  anaylsis,  but  the  life  of  some  of  these  plates  was 
very  short  compared  to  other  plates,  and  by  a  physical  ex- 
amination of  the  structure  of  the  steel  they  were  enabled  to 
change  the  structure  of  the  steel  in  such  manner  as  to  bring 
up  the  life  of  the  poor  plates  to  equal  the  record  of  the 
good  ones. 

I  am  glad  he  mentionea  about  the  record  in  keeping 
track  of  the  lamps,  because  we  have  practiced  that  same 
method,  except  that  we  tag  the  lamp  the  day  it  is  deliver- 
ed to  the  mill  and  the  mill  does  not  call  for  it  until  it  goes 
into  service.  We  tag  the  date  it  goes  in  and  the  date  it 
comes  out,  and  if  it  has  not  burned  the  guaranteed  life  it  is 
preserved  until  the  adjuster  from  the  lamp  company  can  see 
it  with  its  tag  and  pass  judgment  on  it.  In  that  way  we 
get  a  mutually  satisfactory  adjustment. 

The  author  sounds  a  note  of  warning  as  to  the  danger 
of  carrying  the  matter  of  records  too  far,  but  as  Mr.  Lankton 
brought  out  we  should  have  a  record  of  the  important  things 
first,  getting  a  record  of  these,  and  then  we  can  see  if  it  is 
advisable  or  desirable  to  go  after  the  smaller  things. 

One  thing  the  author  failed  to  bring  out  is  the  matter 
of  the  value  of  records  to  an  organi?ation  in  case  of  a  change 
in  personnel.  The  man  whom  you  have  had  for  some  time 
has  at  his  fingers'  tips  all  the  details  of  his  particular  work 
incident  to  long  service  with  the  company,  but  when  he 
leaves  the  company  he  takes  those  with  him  and  in  such 
cases  the  company  has  paid  for  service  and  information  for 
which  it  is  getting  no  benefit.     He  should  leave  his  records 
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and  information  relating  to  his  work  with  his  successor, 
who  can  take  up  the  work  where  he  leaves  it  off. 

Brent  Wiley:  In  order  to  determine  the  best  method 
of  keeping  records,  a  definite  purpose  of  a  recDrd  should  be 
first  established.  A  second  point  of  importance  is  uniform- 
ity of  data  so  that  direct  comparisons  can  be  made  in  refer- 
ence to  conditions  in  various  plants  without  the  necessity 
of  qualifying  the  data  in  detail.  At  the  New  York  meeting 
three  years  ago  this  same  subject  was  discussed  and  charts 
which  suggested  a  standard  form  of  records  were  displayed. 
These  charts  included  the  principal  subject  which  should  be 
included  in  the  investigation. 

It  is  suggested  that  the  Standardization  Committee  con- 
sider this  subject  in  order  to  insure  a  standardization  of 
records. 

In  most  steel  plants  the  electrical  departments  keep 
their  records  of  distribution  of  power,  repair  costs,  expense 
of  store  items,  etc.,  in  such  segregated  form  that  they  can 
be  totaled  for  any  particular  mill.  The  mechanical  depart- 
ment, as  a  rule,  distribute  their  charges  in  a  more  general 
way  and  this  is  especially  so  in  regard  to  steam  cost.  It  is 
therefore  important  that  a  common  method  be  adopted  by 
both  departments  so  that  all  the  data  pertaining  to  each  in- 
dividual mill  is  available. 

Information  of  this  character  should  cover  a  consider- 
able period  to  insure  that  average  conditions  are  analyzed. 
A  short  period  test  often  produces  data  that  would  be  very 
misleading  if  applied  to  a  year's  operation. 

J.  F.  Kelly:  Our  records  of  the  mill  apparatus  cover 
motors,  controllers,  armatures,  bearings,  commutators,  field 
coils,  cranes  and  plow  steel  cable.  In  our  power  house  we 
maintain  records  of  all  renewals,  oil  and  waste  used  on  our 
generating  units. 

We  maintain  card  records  of  important  commodities 
purchase,  which  enables  us  to  follow  very  closely  rises  in 
maintenance  costs.  Our  shops  are  run  on  the  job  order  sys- 
tem, common  to  all  plants.  We  find  the  job  order  system 
to  be  a  good  one  from  the  very  accurate  distribution  of  la- 
bor expended  in  the  repairs  and  maintenance  of  electrical 
apparatus  to  the  proi>er  accounts.  We  aim  to  centralize  our 
work  as  much  as  possible  wilh  the  end  in  view  of  securing 
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a  higher  standing  of  supervision  and  personal  contact  with 
the  apparatus  coming  in  for  repairs. 

The  data  compiled  in  our  records  enables  us  to  so  plan 
whereby  we  may  make  our  repairs  as  economical  as  possible. 
Keep  in  mind  that  we  must  not  sacrifice  workmanship  or 
material  in  our  rebuilding. 

Since  personal  supervision  has  become  impossible  due 
to  the  expansion  of  the  steel  mills,  the  only  reliable  way  an 
executive  can  judge  the  efficiency  of  his  organization  is 
through  a  system  of  periodical  statistical  reports,  which 
throws  the  value  of  records  to  the  operating  engineer. 

Years  ago,  the  management  of  manufacturing  plants 
was  in  the  hands  of  two  types  of  men,  the  man  of  purely 
commercial  training,  or  a  bright  artisan  or  mechanic,  who, 
through  hard  work  had  forged  up  from  the  ranks.  Neither 
man  possessing  the  essential  qualifications  which  constitute 
the  engineer,  by  their  lack  of  knowledge  of  the  basic  prin- 
ciples they  were  unable  to  approach  the  root  of  manufac- 
turing problems,  which  accounts  for  the  engineer's  entrance 
into  executive  capacities.  The  broad  training  of  the  engin- 
eer enables  him  to  analyze  and  determine  the  causes  for 
any  result.  His  compilation  of  data  provides  for  the  exact 
deductions  and  his  plans  and  recommendations  are  based 
upon  laws,  not  guesses.  Thousands  of  dollars  yearly  are 
spent  in  the  collection  of  data  with  the  expectation  that  this 
data  will  cause  the  correction  of  the  conditions  studied. 

As  accurate  information  and  real  facts  are  valuable, 
when  it  comes  to  getting  results  the  manner  of  presentation 
is  also  an  important  factor.  It  is  exceedingly  difficult  to 
convince  the  minds  of  others  that  a  proposed  solution  is  the 
best  one,  but  the  Engineer,  who  realizes  the  importance  of 
accurate  data,  develops  records  and  systems  whereby  he  can 
secure  the  statistics  necessary  for  an  intelligent  and  logical 
presentation. 

Since  Engineering  is  the  science  of  economical  produc- 
tion, cost  data  in  which  is  shown  what  the  cost  is,  what  it 
should  be,  why,  when  and  where  losses  and  waste  occur,  is 
absolutely  necessary,  for  when  dealing  with  the  cost  of  pro- 
duction it  must  be  remembered  that  the  price  the  manufac- 
turer is  to  receive  for  his  product,  and  consequently  the  ex- 
tent of  his  profit  depends  largely  upon  the  exactness  with 
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which  he  is  able  to  arrive  at  the  cost  of  production.  If  the 
manufacturer's  records  are  such  that  he  is  able  to  demon- 
strate what  his  costs  are,  he  is  then  in  a  position  to  meet 
systematic  competition  with  profit. 

Paul  Caldwell:  Records  have  long  since  become  rec- 
ognized as  a  material  factor  in  the  growth  of  any  enterprise 
and  its  success  in  a  large  degree  can  be  measured  by  the 
completeness  and  accuracy  of  its  records.  The  value  of 
records  in  many  instances  is  difficult  to  determine,  for  they 
often  have  a  more  far  reaching  effect  than  the  original  pur- 
pose for  which  they  were  intended.  I  think  this  holds  true 
with  records  of  operating  engineers. 

It  is  not  my  intention  to  discuss  "the  value  of  records 
to  an  operating  engineer",  for  I  am  not  only  unqualified  as 
never  having  held  such  a  lucrative  position,  but  the  subject 
from  that  standpoint  has  been  very  well  presented  by  the 
author.  I  shall  endeavor  to  point  out  some  of  the  far-reach- 
ing effects  of  such  records  and  to  enlarge  upon  one  or  two 
paragraphs  of  Mr.  Huey's  paper,  which,  to  me,  carry  con- 
siderable significance. 

I  was  greatly  interested  in  a  paper  recently  read  be- 
fore the  American  Society  of  Mechanical  Engineers  by  an 
official  of  a  large  machine  tool  manufacturer  on  the  subject 
of  "The  Commercial  Engineer".  He  described  this  individual 
as  the  salesman  who  has  been  trained  along  engineering 
lines  and  whose  training  especially  fits  him  for  handling 
machinery  or  other  forms  of  apparatus  where  a  knowledge 
of  its  construction,  operation  and  application  are  requisite 
to  success.  He  went  on  to  state  that  practically  all  new  im- 
provements in  their  machines,  as  well  as  the  development  of 
new  and  special  machines  to  meet  the  increasing  demand 
for  greater  production  and  efficiency  have  been  the  direct 
result  of  the  activity  of  the  Commercial  Engineer.  His 
reports,  based  on  the  records  of  the  machine  in  the  actual 
performance  of  its  work  as  compiled  by  the  operating  engin- 
eer, form  the  basis  for  these  improvements  and  new  designs. 

What  this  gentleman  has  pointed  out  as  true  with  me- 
chanical devices,  is  equally  applicable  to  electrical  devices. 

The  development  of  electrical  apparatus  along  designs 
peculiarly  adapted  to  the  operation  of  steel  mill  machinery 
of  all  types  has  resulted  directly  or  indirectly  from  the  ac- 
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tivities  of  this  same  "Sales  Engineer",  with  your  records  as 
a  basic  specification.  A  typical  and  familiar  example  is 
the  present-day  mill  type  motor,  a  machine  possessing  par- 
ticularly rugged  construction  and,  as  it's  name  implies,  es- 
pecially designed  for  mill  service. 

This  motor  did  not  spring  up  over  night,  but  was  the 
evolution  of  years  of  experience  and  experimenting  with  old- 
er designs  of  motors.  Experience  as  shown  by  the  records 
of  the  operating  engineers  who  used  them;  experimenting 
on  the  part  of  the  manufacturers  and  designing  engineers 
to  overcome  the  weaknesses  as  they  were  brought  to  their  at- 
tention by  these  same  records. 

And  what  is  the  ultimate  or  far-reaching  result? 
Both  the  manufacturer  and  the  operating  engineer  are  ma- 
terially benefitted  and  this  benefit  can  be  computed  in  dol- 
lars and  cents  from  the  records  of  each  organization.  To 
the  former  it  is  represented  by  increased  sales  due  to  the 
greater  demand  created  for  better  product,  while  to  the  lat- 
ter it  asserts  itself  in  the  form  of  reduced  maintenance  and 
less  delays  in  operation. 

There  is  some  question  in  my  mind  as  to  where  the 
credit  for  such  developments  really  belong — with  the  en- 
gineer that  actually  does  the  designing  or  with  the  operat- 
ing engineer's  records  that  furnish  the  specifications. 

In  the  course  of  Mr.  Huey's  remarks  he  makes  the  fol- 
lowing statements: 

"Most  records  not  kept  in  a  regular  way  are  left  to 
someone's  memory,  and  after  a  set  of  records  has  been  kept 
it  is  very  interesting  to  see  how  exceedingly  unreliable,  un- 
trustworthy and  misleading  the  memory  can  be.  Further- 
more, when  the  record  is  left  to  the  memory  of  some  one  or 
ones,  a  salesman  may  have  good  reason  to  believe  that  his 
goods  are  not  getting  fair  and  impartial  treatment  and,  in 
some  cases,  it  may  lead  to  even  more  sinister  thoughts,  but 
when  confronted  by  actual  records,  he  should  have  no  doubt 
in  his  mind  that  he  is  being  fairly  and  generously  treated. 
On  the  other  hand,  if  evidence  is  not  at  hand,  the  salesman 
may  confidently  believe  that  the  article  will  be  suitable  and 
economical  and  he  may  be  right  if  you  cannot  argue  with 
any  facts  to  back  you  up." 
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I  believe  most,  if  not  all,  salesmen  are  in  accord  with 
Mr.  Huey's  sentiments  and  invite  the  engineer  to  confront 
them  with  the  records  of  their  product.  They  not  only  in- 
vite it  at  times  when  purchases  are  about  to  be  made,  but 
at  any  and  all  times,  especially  when  these  records  show 
unsatisfactory  results  or  the  development  of  defects  in  op- 
eration. In  fact,  it  is  only  justice  to  the  salesman,  that 
such  records  be  brought  to  his  attention  or  at  least  be  avail- 
able to  him  before  they  come  to  an  issue.  He  is  then  af- 
forded an  opportunity  to  make  the  particular  article  sat- 
isfactory or  to  remedy  the  trouble  and  any  failure  on  his 
part  to  do  so  is  a  warning  of  what  he  might  expect  in  the 
future. 

I  believe  in  records  and  I  also  believe  in  the  complete- 
ness of  records.  It  has  been  my  own  personal  experience 
that  many  good  devices  are  sometimes  condemned  by  the 
operating  engineer  either  due  to  lack  of  any  tangible  record 
or  by  the  incompleteness  of  the  records  he  keeps. 

I  have  a  case  in  mind  which  came  to  my  attention  very 
recently  where  a  certain  piece  of  apparatus  was  condemned 
because  it  required  too  frequent  renewals  of  wearing  parts 
and  incidentally  the  cost  of  maintenance  was  too  high.  I 
endeavored  to  secure  a  copy  of  the  record  of  these  renewals 
and  found  that  none  had  been  kept.  On  investigation  I 
found  that  the  number  and  cost  of  renewals  were  being  com- 
pared with  a  different  type  and  design  of  device  altogether. 
And  further,  after  a  check  on  the  renewal  parts  was  made 
it  showed  very  favorably  indeed  and  the  complaint  was  im- 
mediately dismissed. 

Incompleteness  of  records  will  often  serve  to  discredit 
a  machine  or  other  device  when  the  cause  for  the  discredit 
could  be  found  in  the  missing  items  of  the  record. 

For  example,  consider  the  performance  of  a  mill  motor. 
There  are  at  least  two  \ital  factors  which  have  an  import- 
ant bearing  on  the  successful  operation  of  a  motor,  and  es- 
pecially when  attached  to  some  heavy  mill  machinery  where 
the  service  is  severe  and  reversals  frequent.  I  refer  to  the 
mechanical  connection  of  the  motor  to  its  drive  and  to  the 
control  provided  for  its  operation. 

Two  motors  of  the  same  make,  design,  and  rating  may 
lye  connected  to  exact  similar  devices  and  one  perform  suc^ 
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cessfully  and  the  other  develop  mechanical  troubles.  One 
may  be  belt-connected;  the  other  direct-connected.  Both 
may  be  gear  connected,  one  through  a  good  efficient  herring- 
bone gear,  the  other  through  common  ordinary  spur  gears. 
Cei-tainly  the  form  of  mechanical  connection  has  a  direct 
bearing  on  the  comparative  results  of  the  two  motors  and 
should  show  in  the  records. 

On  the  other  hand,  these  same  two  motors  may  be  con- 
nected to  the  same  load  in  exactly  the  same  manner,  and 
one  perform  successfully  in  every  way  while  the  other  de- 
velops electrical  or  even  mechanical  troubles.  One  may  be 
provided  with  a  modem  magnetic  type  of  controller  design- 
ed to  protect  the  motor,  and  the  other  with  an  ordinary 
manual  type  with  no  protective  features.  Both  may  be 
provided  with  a  magnetic  controller  of  the  same  design,  and 
make  too,  one  provided  with  a  plugging  point  and  the  other 
without.    These  items  should  be  a  part  of  the  records. 

Some  of  you  that  keep  complete  records  of  electrical 
equipment  and  watch  all  these  points  may  think  these  state- 
ments a  little  over-drawn,  but  they  are  based  on  investiga- 
tions of  actual  compl*aints  made  by  mill  engineers.  I  have 
known  of  the  back  axle  shaft  of  a  mill  motor  being  twisted 
off  when  no  defects  in  the  metal  were  apparent  and  sub- 
sequent investigation  showed  conclusively  that  it  was  due 
to  defective  or  improper  design  of  the  controller. 

Many  of  us  object  to  be  burdened  with  elaborate  rec- 
ords, and  I  agree  they  can  be  overdone.  However,  we  are 
all  working  for  a  common  interest — to  improve  and  better 
our  electrical  machinery ;  and  it  is  only  by  co-operation  that 
any  progress  can  be  made.  You,  the  active  members  of 
this  association,  can  do  your  part  by  keeping  your  records 
complete,  and  thereby  automatically  design  your  own  future 
machine,  and  I  believe  I  speak  for  my  fellow  associates  when 
I  say  we  will  meet  you  more  than  half-way  and  perfect  and 
build  these  machines  for  you  as  necessity  demands  them. 

Fred.  H.  Woodhull:  I  do  not  know  that  I  have  any- 
thing in  particular  to  say  except  perhaps  to  emphasize  a 
little  what  has  already  been  said,  and  that  is  that  reports 
should  be  kept  complete,  particularly  as  to  dates  as  spoken 
of  by  Mr.  Tynes,  and  particularly  with  regard  to  records 
which  may  be  used  by  someone  else  at  some  iutux^  Witvfc, 
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great  care  should  be  taken  to  put  the  dates  on  these  rec- 
ords and  to  have  them  complete  in  every  detail.  That  is 
a  thing  that  should  be  kept  in  mind  in  making  records  such 
as  have  been  spoken  of  this  afternoon. 

I  have  for  some  time  been  keeping  records  of  motors, 
as  to  the  cause  of  trouble,  particularly  the  armature  part 
of  them,  when  they  are  repaired,  the  nature  of  the  repairs 
done,  and  by  whom  they  are  done,  and  where  the  motor  is 
used.  In  that  way  I  have  been  able  at  some  future  time 
to  install  a  motor  which  would  give  us  much  better  satis- 
faction than  the  motor  which  was  originally  installecL 

L,  F.  Galbreath :  There  are  three  records  that  are  very 
important  in  determining  the  depreciation  of  a  motor. 

The  hot  point  temperature  of  the  motor  which  depends 
on  the  room  temperature  and  the  load  on  the  motor. 

The  speed  of  the  motor  which  determines  the  number 
of  times  a  stress  is  applied  to  the  armature  coils  in  passing 
the  pole  piece. 

The  fibre  stress  in  the  shaft  which  depends  on  the  kind 
of  load  and  the  method  used  to  transmit  the  motor's  energy. 

C.  S.  Ripley:  I  believe  the  records  that  the  operating 
engineer  keeps  and  turns  over  to  salesmen  on  complaints, 
interest  associate  members  more  than  any  other  point  in 
the  matter  of  records.  For  instance,  complaints  are  made 
on  certain  classes  of  material,  and  the  salesman  puts  in  his 
report  to  the  factory  that  such  and  such  a  thing  has  been 
giving  trouble,  and  invariably,  if  you  do  not  send  in  with 
your  report  all  detailed  facts  relating  to  the  matter,  they 
come  back  saying  that  unless  they  have  something  definite 
they  cannot  make  any  change  or  comments.  They  want 
complete  information,  and  since  the  matter  is  to  be  handled 
through  the  salesman,  which  is  the  easy  way  of  getting  back 
at  the  company,  the  engineer  should  have  this  information 
in  his  records  so  it  can  be  given  to  salesmen  in  concise  form. 

C.  E.  Bedell:  There  are  two  points  that  I  wish  to  refer 
to,  one  relating  to  the  record  of  the  life  of  lamps.  It  has 
been  stated  in  one  of  the  discussions  that  they  mark  on  the 
lamp  the  date  of  installing  and  removing.  This  does  not 
give  the  relative  life  of  different  lamps,  because  one  lamp 
may  burn  twice  the  number  of  hours  per  day  as  another 
lump,  so  you  do  not  know  \vo\v  tcv^tcj  \vowts  that  lamp  has 
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burned,  although  you  do  have  the  dates.  Does  anyone 
have  a  method  of  trying  to  get  more  nearly  the  actual  hours 
of  burning? 

The  other  point  is  in  regard  to  the  records  and  ought  to 
be  considered.  A  superintendent,  in  looking  over  a  record 
of  costs,  for  instance,  must  remember  that  the  figuring  is 
done,  in  many  cases,  by  clerks  who  know  nothing  whatever 
of  the  business,  and  simply  do  the  figuring.  I  know  that  a 
good  many  times  the  superintendent  of  the  department  in 
glancing  over  the  record  of  costs  instantly  sees  that  the 
record  is  wrong,  and  it  turns  out  to  be  wrong.  He  knows 
by  experience  what  the  results  ought  to  be,  and  he  knows 
the  conditions  under  which  they  have  been  working,  and 
although  the  accounting  department  comes  around  with  fig- 
ures, you  soon  find  some  clerk  misinterprets  some  report 
coming  from  the  mill,  and  not  knowing  the  mill  conditions 
he  makes  a  mistake  in  his  figuring,  in  assuming  conditions. 
So  unless  we  analyze  the  figures  very  carefully  we  may  be 
misled  and  be  very  far  away  from  the  truth. 

F.  D,  Egan:  There  is  one  point  on  which  there  has 
been  no  discussion,  and  that  is  the  matter  of  increasing  pro- 
duction by  the  use  of  curve-drawing  meters.  Take  the  case 
of  the  unloading  of  the  ore,  blast  furnace  operation,  or  op- 
eration of  a  crane  in  a  stock  yard,  or  the  production  in  the 
blooming  mill.  A  knowledge  on  the  part  of  the  operatives 
that  a  curve-drawing  meter  is  recording  a  cycle  of  work  has 
improved  production  in  a  mill,  with  which  I  am  acquainted, 
in  the  neighborhood  of  20  per  cent,  and  we  have  always 
found  that  when  any  operation  was  lagging  for  any  reason, 
if  we  inserted  a  curve-drawing  meter  which  recorded  a  cycl« 
we  always  found  there  was  an  improvement  in  operation 
and  production. 

€•  A.  Menk:  I  enjoyed  Mr.  Huey's  paper  very  much, 
and  think  he  has  covered  the  subject  very  well.  I  believe 
that  every  operating  engineer  should  keep  records  of  the 
most  valuable  parts  of  his  plant.  One  of  these  records  I 
think  should  be  where  you  are  handling  hot  material,  steel 
and  metal  in  the  liquid  form. 

We  have  for  a  number  of  years  kept  records  of  chains 
and  cables,  and  the  loads  which  these  chains  and  cables  are 
required  to  handle.    To  be  on  the  safe  side  we  eotvUivw^Wj 
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refer  to  these  records,  and  not  only  that,  but  it  has  been 
necessary  to  show  the  Safety  Committee  that  we  do  keep 
such  records  and  work  accordingly. 

I  do  not,  however,  think  that  the  question  of  records 
should  be  overdone.  If  it  is  necessary  to  hire  any  consider- 
able amount  of  additional  help  to  keep  the  records,  I  think 
that  would  be  going  to  far,  and  it  will  eventually  become  a 
matter  of  routine  work  and  under  such  circumstances  the 
records  will  not  amount  to  very  much. 

A  great  many  of  these  records  in  regard  to  repairs, 
changes,  and  trouble  with  equipment,  can  be  kept  by  your 
foreman  if  he  is  a  good  man,  and  after  he  once  starts  keep- 
ing records,  he  will  be  delighted  with  the  results,  and  will 
continue  to  keep  such  records  to  show  what  he  is  doing  and 
in  that  way  he  will  be  much  more  interested  in  his  work 
than  if  he  does  not  keep  any  records  at  all. 

I  also  believe  that  every  operating  engineer  should  keep 
a  complete  record  of  what  is  going  on  in  his  plant.  What 
I  mean  by  that  is  a  record  of  every  kilowatt  output  in  his 
plant.  The  time  will  come  when  it  is  necessary  to  add  ad- 
ditional equipment  to  your  power  plant  and  when  that  time 
comes  there  is  no  use  in  going  to  the  General  Superintend- 
and  saying  "I  want  this  and  I  want  that,"  unless  you  have 
something  to  show  why  you  want  it — something  that  will 
back  up  the  argument. 

Another  record  which  it  is  important  and  valuable  to 
keep  is  of  your  motor  installation.  Compare  that  with  your 
total  generating  installation.  That  will  have  a  great  deal 
more  to  do  with  getting  additional  equipment  than  any- 
thing else  I  know  of. 

W.  T.  Snyder:  I  agree  with  Mr.  Menk  that  we  should 
not  have  our  system  of  records  so  elaborate  that  it  requires 
too  many  extra  clerks  to  keep  the  record.  For  instance, 
in  the  case  of  the  record  of  an  armature  breakdown;  when 
the  armature  is  removed  the  mill  foreman  writes  out  a  shop 
order  to  have  it  repaired,  and  then  takes  out  a  filing  card 
and  writes  on  that  card  just  what  happened  to  the  armature 
according  to  his  best  opinion,  and  what  he  would  recommend 
to  avoid  another  breakdown  of  a  similar  nature. 

That  card  goes  in  with  the  shop  record,  and  that  same 
card,  or  another  card,  is  fVWed  out  by  the  repair  shop  fore- 
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man.  He  puts  his  remarks  on  the  same  card,  telling  what 
he  found  was  wrong  with  the  armature,  what  he  would  re- 
oonmiend  to  avoid  such  troubles  in  the  future,  what  he  did 
to  strengthen  the  armature,  or  if  there  is  some  other  cause 
for  breakdown,  he  states  his  opinion  of  that  cause. 

When  the  job  is  completed  the  card  is  filed  in  the  office. 
Later  on,  when  you  have  a  bunch  of  these  cards  and  want 
to  find  out  how  the  troubles  are  running,  let  a  clerk  tabulate 
them  and  put  them  in  shape  to  show  what  has  happened  in 
certain  classes  of  machinery  and  how  the  trouble  has  been 
dealt  with. 

I  believe  it  would  be  wrong  to  give  that  shop  order, 
when  it  came  to  the  office,  to  a  clerk  and  have  him  go  out 
and  interview  the  shop  foreman  regarding  the  matter  and 
have  the  clerk  make  the  entry  on  the  card.  I  think  that 
is  the  wrong  way  of  keeping  that  class  of  records.  The 
other  way  is  less  work,  takes  less  clerical  help,  takes  a  little 
more  time  on  the  part  of  the  foreman  of  the  shop,  but  you 
get  a  statement  from  the  foreman  which  you  can  rely  upon 
as  being  correct. 

G^eorge  W.  Richardson:  I  do  not  know  that  I  can  say 
much  on  that  line,  outside  of  the  fact  that  I  can  say  that 
we  keep  records  similar  to  the  system  just  outlined  by  Mr. 
Snyder.  The  foreman  makes  up  a  sheet  and  sends  it  into 
the  repair  shop,  and  after  the  work  has  been  done  the  shop 
foreman  makes  an  entry  of  the  character  of  the  repairs 
and  the  time  spent  on  the  repairs. 

On  that  sheet  we  have  space  for  the  entry  of  both 
piece-work  and  day-work,  and  the  shop  foreman  makes  the 
proper  entry.  From  that  sheet,  when  it  is  sent  to  the  office, 
A  calculation  of  the  cost  of  the  work  is  made  and  the  cost  of 
the  job  is  entered  on  a  card,  and  placed  in  a  cabinet  that  is 
part  of  our  card  system,  and  the  record  is  kept  track  of  in 
that  way.    It  works  very  well. 

With  reference  to  what  Mr.  Egan  said,  as  to  the  use  of 
watthour  meters  in  making  tests,  1  think  it  is  essential  to 
have  those  things  to  help  out,  especially  in  the  case  of  the 
master-mechanic.  At  some  of  our  works  the  master-me- 
chanic has  no  way  of  keeping  records  of  his  end,  and  a  great 
deal  of  our  troubles  in  the  electrical  end  are  caused  through 
conditions  in  the  mechanical  end — so  much  so  Wvai  \\.  Tv^^dc& 
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a  great  deal  of  argument  to  convince  the  mechanical  end 
that  this  is  true.  If  you  have  some  sort  of  a  record  with 
which  you  can  go  to  the  master-mechanic,  and  show  him 
that  what  you  say  is  so,  it  will  help  him  and  it  will  also  help 
you. 

W.  T.  Snyder:  There  is  another  feature  in  keeping  rec- 
ords. There  is  not  only  the  practical  value  of  knowing 
what  is  going  on,  but  there  is  also  a  certain  moral  effect  in 
keeping  records.  If  the  men  in  the  mill  know  they  wilT  have 
to  explain  every  breakdown  they  will  be  more  careful  not 
to  have  so  many  breakdowns. 

G.  W.  Richardson :  I  know  of  a  mill  where  this  system 
of  records  is  in  use,  and  they  make  the  records  the  basis  of 
a  system  of  bonuses,  and  the  system  has  worked  out  very 
nicely.  The  foreman  makes  a  record  of  the  details  of  pro- 
duction, and  also  the  number  of  troubles  and  breakdowns 
with  machinery,  and  these  are  averaged  up  for  six  months 
or  a  year,  and  based  on  these  records,  a  bonus  is  paid  to  the 
men.  The  foreman  also  participates  in  the  bonus.  It  may 
be  ten  cents  a  ton  on  the  production,  and  on  the  cost  of  work 
and  repairs  seven  and  one-half  cents,  provided  the  cost  is 
kept  down  below  a  certain  amount.  The  owner  of  the  mill 
tells  his  foreman  that  if  he  keeps  down  the  details  below  a 
certain  minimum  amount  of  expense,  he  will  have  a  bonus. 
He  also  provides  a  bonus  on  the  amount  of  labor  and  ma- 
terial he  uses.  It  has  worked  out  very  successfully,  and  at 
the  present  time  the  men  themselves  are  making  more 
money,  as  well  as  the  shop  foreman,  and  he  has  very  little 
complaint  about  delays  or  any  other  thing. 

I  believe  this  is  a  good  system  to  adopt.  It  is  some- 
thing which  encourages  the  men  to  do  their  best.  We  have 
quite  an  agitation  in  our  plant  at  this  time  in  reference  to 
time-and-a-half  time  for  Sunday.  We  cannot  overcome  it 
at  the  present  time ;  but  I  think  if  we  could  start  some  sort 
of  a  bonus  system  we  could  overcome  a  good  bit  of  that 
argument  in  reference  to  time-and-a-half-time,  as  it  is  now 
presented  to  us.  We  find  that  the  men  on  Sunday  who 
would  probably  have  two  hours'  work  to  do  frequently  put 
in  the  whole  day.  If  the  foreman  is  given  a  bonus  on  his 
labor  you  will  find  that  he  will  take  care  of  that  part  very 
nicely  and  see  that  the  men  do  not  put  in  a  whole  day's  work 
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on  Sunday  when  a  couple  of  hours  would  be  suflieient  to  do 
the  work. 

&  C  Coey :  I  am  a  strong  believer  in  the  value  of  prop- 
er records  in  industrial  plants,  as  a  whole,  and  especially  in 
large  steel  plants,  but  I  also  believe  that  it  is  necessary  to 
use  common-sense  in  the  interpretation  of  our  records.  In- 
complete records  and  incorrect  records  are  worse  than  noth- 
ing. They  simply  represent  a  loss  of  time  and  they  are 
misleading. 

Afi  an  example  of  incorrect  records,  or  rather  an  incor- 
rect basis  for  records,  I  might  cite  a  system  of  records 
that  we  have  kept  on  belts  in  a  large  rod-mill  drive.  There 
are  four  belts  in  this  mill  and  it  had  always  been  the  prac- 
tice to  keep  records  of  the  belt  life  on  a  monthly  basis. 
Some  time  ago,  when  we  were  getting  new  belts  for  this 
drive  we  found  on  our  monthly  basis  the  life  was  showing 
considerable  decrease,  and  on  checking  things  up,  we  found 
when  we  took  the  tonnage  basis,  the  tonnage  of  the  mill  had 
increased  to  such  an  extent  that  the  belts  were  really  giv- 
ing a  better  life  than  they  had  previously.  As  a  result  of 
that  investigation  we  now  buy  belts  on  a  tonnage  guarantee 
basis. 

When  the  same  records  were  applied  to  another  instal- 
lation— ^I  have  in  mind  a  54-inch  hot  saw — it  was  found  that 
the  belts  that  did  the  best  on  the  rod-mill  drive  did  not 
show  up  as  good  as  some  other  belts  on  the  hot  saw  drive. 
By  using  a  little  common-sense  on  the  subject  and  investigat- 
ing it,  the  fact  was  easily  brought  to  light  that  the  life  of 
the  belt  in  the  case  of  the  hot  saw  was  not  a  matter  of  actual 
life,  but  a  matter  of  operation. 

The  tendency  today  amongst  motor  manufacturers  and 
manufacturers  of  electrical  apparatus,  is  to  cut  down  the 
amount  of  material  used  in  the  construction  of  the  apparatus 
all  possible,  which  is  a  natural  tendency,  as  they  are  in 
business  to  make  money,  and  they  have  to  meet  competition, 
and  unless  the  steel  mill  engineer  can  show  by  records  to 
his  superiors  where  it  pays  to  put  in  more  money  and  get 
machines  of  lower  temperature  rise  than  are  offered,  or  ma- 
chines of  better  mechanical  construction,  he  cannot  hope 
to  have  better  types  of  machines  either  built  or  bought  by 
his  company. 
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Ray  S.  Huey:  Regarding  extra  help  to  keep  these  rec- 
ords, we  have  found  by  re-arranging  the  work  somewhat 
that  it  is  possible  to  keep  these  records  in  the  daily  routine 
without  any  more  men  at  all.  Take,  for  instance,  a  shop 
job  record;  by  the  accounting  department  working  in  con- 
juction  with  the  shop,  we  manage  to  have  their  timekeeper 
at  the  shop  take  care  of  the  distribution  right  on  the  shop 
record,  so  that  when  they  get  through  they  have  their  work 
all  done  and  ours  too. 

The  effect  on  the  men  is  very  salutary.  If  they  know 
you  are  keeping  a  record  they  will  be  more  careful  to  watch 
the  details  of  the  operation  of  the  business  very  much  more 
thoroughly,  and  it  is  the  details  in  every  business  that  count 

Referring  to  the  particular  things  that  are  on  a  test, 
we  always  put  our  order  to  the  storekeeper  on  it,  and  we 
give  him  a  letter  when  the  article  comes  in,  and  have  him 
put  a  tag  on  it,  giving  date,  order,  and  other  data,  so  that 
the  man  getting  the  material  later  on,  will  have  all  the  in- 
formation necessary  to  keep  track  of  any  particular  article 
of  which  we  desire  a  record. 

Regarding  the  question  as  to  how  we  know  how  long 
a  particular  lamp  bums ;  if  the  location  of  the  lamp  is  given 
the  amount  of  time  that  that  particular  circuit  bums,  we 
arrive  at  a  very  close  figure.  In  our  particular  mill  some 
lamps  bum  day  and  night,  24  hours  a  day,  and  others  only 
twelve  hours,  or  eleven  hours,  according  to  the  kind  of 
weather  we  have  and  to  the  season  of  the  year.  On  the 
circuit  burning  24  hours  a  day  it  is  easy  but  on  the  others 
it  must  be  somewhat  of  an  approximation  but  will  be  close 
enough  for  an  average. 
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COST  VERSUS  UPKEEP  OF  DIRECT-CURRENT 

MOTORS 


BY  A.  M.  MacCUTCHEON 


The  intelligent  purchaser  of  electrical  apparatus  con- 
siders not  only  the  first  cost  but  gives  equal  consideration 
to  the  question  of  depreciation  and  upkeep.  If  it  were  pos- 
sible to  select  a  motor  with  minimum  first  cost  as  well  as 
minimum  depreciation  and  upkeep,  the  problem  would  be 
solved  and  all  discussion  ended.  There  is  no  doubt  that  it 
would  be  greatly  to  the  interest  of  any  manufacturer  to  de- 
sign and  build  such  a  motor  and  this  is  the  ideal  toward 
which  they  strive. 

In  a  well-balanced  design,  maximum  quality  is  incon- 
sistent with  minimum  cost  and  the  wise  user  selects  the  ma- 
chine that  represents  the  most  desirable  compromise  be- 
tween the  two  for  his  particular  work.  The  nature  of  the 
application  largely  influences  his  decision.  The  ideal  motor 
for  driving  a  ventilating  fan  falls  far  short  when  applied  to 
a  threading  machine. 

Present  day  practice  has  already  classified  to  a  certain 
extent.  There  is  the  well-known  split  frame,  steel  mill  mo- 
tor as  distinguished  from  the  commercial  general-service 
motor.  Classification  can  not  be  carried  to  an  extreme  as 
all  standardization  would  disappear  and  the  balance  between 
cost  and  quality  be  destroyed.  On  the  other  hand,  when- 
ever the  demand  for  further  classification  becomes  suffici- 
ently insistent,  the  demand  must  be  recognized  and  met. 

No  class  of  service  requires  a  higher  quality  article 
than  the  service  in  steel  mills.  Whether  general-service 
motors  shall  be  subdivided  into  two  classes,  one  high  in 
quality  but  necessarily  higher  in  cost,  can  be  answered  only 
by  the  steel  companies  themselves.  "The  user  must  pay." 
The  selling  price  represent  the  cost  of  materials,  \aboT  ^wdi 
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overhead  with  a  reasonable  profit  to  the  capital  invested. 
As  long  as  the  buyer  purchases  from  the  standpoint  of  price 
alone,  the  attempt  of  the  manufacturer  will  be  to  cheapen 
the  motor  as  far  as  possible ;  with  the  minimum  sacrifice  in 
quality  it  is  true,  but  the  sacrifice  will  be  present.  Often 
the  problem  is  complicated  by  the  natural  optimism  of  the 
purchaser  coupled  with  the  Yankee  desire  to  drive  a  shrewd 
bargain.  Under  the  representation  of  the  interested  and 
interesting  salesman,  whose  price  is  a  little  lower  than  his 
competitor,  the  buyer  wishes  to  believe  that  the  lower  price 
article  is  equal  in  quality  and  finally  decides  to  take  a  chance. 
Still  further  complication  results  from  the  very  natural  view 
of  the  purchasing  agent  that  all  material  should  be  secured 
at  the  lowest  possible  price. 

In  recommending  a  particular  article  at  an  increased 
cost,  the  engineer  must  be  sure  of  the  fundamental  correct^ 
ness  of  his  conclusion.  It  is  necessary  to  carefully  balance 
the  higher  cost  against  the  extra  hazard.  The  problem  is  a 
knotty  one  due  to  the  difficulty  of  properly  evaluating  the 
cost  of  repair  and  possible  failure.  Here  the  manufacturer 
can  be  of  little  assistance  as  the  steel-mill  electrical  engineer 
should  be  the  instructor  and  the  designing  engineer  the 
pupil.  In  considering  the  increased  cost  of  the  motor  to 
be  purchased,  the  steel  mill  engineer  has  possibly  lacked  de- 
tailed information  as  to  the  effect  on  the  cost  of  those  fea- 
tures which  he  may  desire  and  here  the  manufacturer  shouM 
lend  his  assistance.  To  our  knowledge  no  information  of 
this  nature  has  been  published,  partly  due  to  the  difficulty 
of  segregating  the  cost  of  certain  features.  One  change  in 
design  resulting  in  an  increased  cost  may  be  counterbalanc- 
ed by  another  change  meaning  a  decrease  in  cost. 

To  make  the  problem  possible  of  consideration,  the  as- 
sumption will  be  made  that  the  design  is  a  well-balanced 
one.  The  increase  in  cost  resulting  from  an  increase  in 
quality  will  be  expressed  as  a  percentage  of  the  total  cost 
of  the  motor.  The  total  cost  will  be  referred  to  as  the  basic 
cost,  each  feature  will  be  isolated  from  all  others.  The  size 
of  motor  selected  has  an  output  of  15  h.p  at  850  which  cor- 
responds to  a  machine-tool  rating  of  10  hp.  at  400  to  1600. 
Fluctuation  in  the  market  price  of  material  and  labor  will  be 
neglected. 
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Recent  discussion  has  largely  centered  upon  permissible 
heating,  the  consideration  of  which  is  beyond  the  scope  of 
this  paper.  With  increase  in  heating  limits  there  is  no  ques- 
tion that  the  cost  of  the  motor  may  be  decreased  without 
sacrifice  of  mechanical  quality.  But  it  should  be  borne  in 
mind  that  the  decrease  in  cost  is  likely  to  be  secured  by  rat- 
ing up  each  frame  size,  which  means  that  the  decrease  in 
cost  is  accompanied  by  a  decrease  in  mechanical  quality. 

To  reduce  the  heating  of  the  shunt  fields  in  this  typical 
motor  five  degrees,  by  the  use  of  extra  material  means  an 
increase  of  1.3%  in  the  total  cost.  This  figure  makes  no 
allowance  for  the  possibility  of  having  to  increase  the  over- 
all dimensions  to  provide  room  for  the  extra  material.  De- 
crease in  the  interpole  coil  of  five  degrees  under  the  same 
conditions  adds  .57%.  Five  degrees  lower  heating  in  the 
armature  penalizes  the  total  cost  .7%  due  to  the  larger  cop- 
per used.  Here  it  is  impossible  to  achieve  the  result  only 
by  the  use  of  extra  copper.    The  core  must  be  made  larger 

in  diameter  or  longer  which  possibly  means  a  further  .5%. 

A  lower  core  temperature  may  be  secured  by  using  a 
higher  priced  and  lower  loss  steel  which  means  .3%  for  five 
degrees;  or  by  using  a  greater  volume  of  the  same  steel 
which  results  in  a  larger  armature.  The  extra  steel  repres- 
ents .3%  and  the  influence  of  the  larger  armature  upon  the 
rest  of  the  machine  .5%. 

In  the  above  no  consideration  was  given  to  the  decrease 
in  heating  due  to  improved  ventilation.  If  such  improved 
ventilation  can  be  secured  a  tremendous  saving  in  material 
is  possible  for  the  same  rise.  This  saving  is  difficult  of 
evaluation  as  the  question  of  temperature  rise  in  motors 
more  or  less  effectively  ventilated  is  the  problem  in  design 
most  uncertain  in  prediction.  To  secure  some  idea,  we  may 
consider  the  fully  enclosed  motor  of  the  same  rating  with  its 
37%  increase  in  cost. 

The  efficiency  is  closely  allied  to  heating.  A  decrease 
in  heating  due  to  a  decrease  in  loss  means  an  incrase  in  effi- 
ciency. This  increase  in  efficiency  does  not  result  when  im- 
proved heating  is  due  to  improved  ventilation  or  increased 
radiating  surface.  It  is  self-evident  that  increased  efficiency 
not  only  lowers  the  coal  bill  but  makes  possible  a  smaller  in- 
vestment in  generating  equipment.    InformatVoiv  \^  tvo\,  ^\. 
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hand  to  accurately  predict  the  saving  in  these  two  items. 
However,  assuming  the  cost  of  power  as  one  cent  per  kilo- 
watt hour,  an  increase  in  efficiency  from  86%  to  87%  on  a 
15  h.p.  at  850  motor  operating  at  75%  load  eight  hours  per 
day,  300  days  per  year,  results  in  a  decrease  of  300  kilowatt- 
hours  or  a  saving  of  approximately  1.3%  of  the  basic  motor 
cost.  With  a  pro  rata  distribution  of  the  decrease  in  losses, 
the  cost  penalty  for  the  1%  improvement  in  efficiency  is 
3.3%  of  the  basic  cost.  An  increase  in  efficiency  from  88% 
to  89%  would  probably  incur  a  50%  greater  penalty. 

In  the  case  under  consideration,  frame  material  repres- 
ents 7-1/^%  of  the  basic  cost.  Decrease  in  active  magnetic 
material  may  be  secured  by  the  use  of  a  higher  grade  steel 
or  an  increase  in  shunt  field  excitation.  As  compared  with 
the  present  day  practice,  the  latter  method  would  penalize 
the  cost  rather  than  decrease  it  and  will,  therefore,  be  neg- 
lected. The  improvement  in  magnetic  quality  of  steel  re- 
fined in  the  electrical  furnace  is  an  interesting  problem  now 
being  actively  considered  by  several  steel  companies,  but  the 
work  is  still  in  an  experimental  stage.  The  use  of  rolled 
steel  permits  of  a  lighter  frame  with  equal  magnetic  quality 
but  no  cost  figures  are  available.  Considering  present  com- 
mercial cast-steel,  no  lessening  in  cost  is  probable  from  a  de- 
crease in  magnetic  section  which  represents  76%  of  the  total 
frame  weight,  the  remaining  24%  covers  the  frame  sup- 
ports. Increasing  their  weight  by  20%  results  in  a  .4%  in- 
creased basic  cost.  A  liberal  eye-bolt  over  a  small  one  adds 
.08%  and  .19%  over  none  at  all. 

A  direct  increase  of  15%  in  the  weight  of  the  end  yoke 
adds  .6%  to  the  cost  of  the  motor.  A  great  deal  can  be  ac- 
complished in  lightening  the  yoke  without  sacrifice  in 
strength  by  proper  design.  U-section  arms  are  practically 
universal.  A  large  oil  well  and  bearing  housing  penalizes 
the  cost  not  only  by  increasing  weight  but  by  shutting  off 
ventilation.  A  15%  larger  housing  accounts  for  a  .2%  in- 
crease in  cost,  while  the  effect  on  ventilation  can  not  be 
readily  estimated.  A  large  size  oil  gauge  and  pipe  thereto 
represents  but  .1%  of  the  basic  cost  with  advantages  out  of 
all  pTopmtiatL 
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As  we  have  been  able  to  interpret  sentiment  among  the 
steel  mill  engineers,  the  pendulum  is  swinging  back  toward 
3abbitt  bearings.  A  good  babbitt  bearing  is  more  expensive 
than  a  good  bronze  one,  by  1%  of  the  motor  cost.  A  bear- 
ing babbitted  with  a  high  grade  tin  babbitt  calls  for  an  in- 
crease of  .6%  over  a  cheap  babbitt.  The  size  of  the  journal 
practically  determines  the  size  of  the  shaft  and  will  be  con- 
sidered under  that  head.  Increasing  the  bearing  length  by 
20%  adds  .3%  to  the  basic  cost. 

Proper  babbitting  jigs,  scientific  oil  distributing  grooves 
and  large  pressure  relief  grooves,  add  only  to  the  cost  of  the 
jig  and  nothing  to  the  cost  of  the  bearing.  The  retention 
of  oil  in  the  bearing  housing  where  it  belongs  has  received 
as  much  study  as  any  feature  in  the  present  day  design. 
Drainage  grooves,  oil  throws,  and  the  elimination  of  suction 
by  windage  have  quite  completely  eliminated  any  trouble 
and  have  unfavorably  affected  cost  by  .5%.  Proper  con- 
sideration should  be  given  to  the  decrease  in  efficiency  with 
an  increase  in  journal  diameter  and  length.  At  850  r.p.m., 
a  10%  increase  in  diameter  and  length  lowers  the  efficiency 
but  .2%.  This  slight  decrease  offers  little  argument  for 
close  design  from  this  viewpoint  alone.  From  the  cost  view- 
point 10%  in  journal  diameter  means  8%  increase  in  shaft 
weight  and  .3%  cost  increase.  Ventilation  through  the  arm- 
ature is  unfavorably  affected  by  an  increase  in  shaft  diame- 
ter.    This  we  will  not  attempt  to  evaluate. 

The  possibility  of  shaft  removal  without  disturbing 
the  windings  is  a  universal  demand  among  steel  mill  engin- 
eers for  which  they  must  pay  an  additional  2.4%. 

If  a  digression  may  be  allowed,  we  would  suggest  for 
your  careful  consideration  the  use  of  roller  bearings  as  re- 
presenting an  excellent  compromise  between  the  rugged  oil 
bearing  and  the  highly  efficient  ball  bearing.  Indeed  it  is  a 
question  whether  the  high  grade  roller  bearing  of  today  does 
not  exceed  in  dependability  the  more  generally  used  oil  type : 
as  witnessed  by  the  extremely  severe  usage  to  which  they 
are  subjected  in  trucks  and  automobiles.  The  electrical  en- 
gineer of  one  of  the  largest  railroad  systems  stated  that  he 
was  actively  considering  changing  over  entirely  to  roller  or 
ball  bearings,  being  influenced  to  this  decision  by  the  unusu- 
al record  of  car  lighting  units.     After  three  years  us^,  c^x^- 
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ful  inspection  failed  to  reveal  any  indication  of  ^n^ease  in 
the  windings  and  slight  apparent  wear  of  the  bearings, 
while  he  had  found  in  oil  lubricated  motors  that  continued 
usage  showed  a  great  deal  of  oil-soaked  dust  in  the  windings 
without  any  direct  oil  throwing  being  apparent.  The  use 
of  roller  bearings  would  increase  the  cost  4%. 

A  figure  which  one  year  ago  would  approximately  repre- 
sent the  increase  in  cost  for  extra  good  insulation  must  to- 
day be  expressed  50%  higher  due  to  the  unusual  increase 
in  the  cost  of  fibrous  material.  Today  we  would  place  this 
figure  at  1.5%  of  the  motor  cost.  A  good  baking  varnish  is 
a  cheap  method  of  improving  insulation.  An  extra  dip  and 
bake  can  be  secured  at  an  outlay  of  .36%.  At  550  volts  and 
below  mechanical  strength  and  length  of  life  are  the  most 
important  features  of  good  insulation. 

Field  coils  should  be  supported  between  flat  surfaces 
with  the  line  of  pressure  normal  to  the  supporting  surface. 
The  result  may  be  secured  by  the  use  of  metal  coil  supports 
resting  in  the  frame  and  with  a  flat  surface  against  the  coiL 
A  set  of  such  supports  is  equal  to  .4%  of  the  total  cost  of 
the  motor. 

Round  wire,  because  of  its  freedom  from  trouble  in  re- 
winding and  the  ease  with  which  it  may  be  secured,  is  pre- 
ferred by  many.  Our  study  of  the  cost  indicates  that  no 
other  single  feature  demands  so  high  a  cost  penalty,  the  pen- 
alty amounting  to  2.5%  of  the  basic  cost.  When  certain 
sizes  of  rectangular  wire  become  a  standard  as  is  round  wire 
today  and  when  winders  become  more  familiar  with  its  use, 
we  feel  that  the  arguments  against  it  will  largely  disappear. 

General  sentiment  appears  to  consider  slot  sticks  pre- 
ferable to  band  wire  from  the  insulation  standpoint  with 
the  feeling  that  they  are  likely  to  break  and  come  out. 
There  should  be  no  such  trouble  if  the  thickness  of  the  stick 
is:  ample  and  the  notches  holding  the  sticks  are  deep.  An 
interesting  test  of  a  slot  stick  construction  was  recently  ob- 
served on  a  1600  r.p.m.  machine.  The  shunt  field  was  ac- 
cidentally opened,  the  operator  was  an  inexperienced  man, 
and  no  overload  protection  was  provided.  The  consequent 
over-si)eeding  burst  the  rear  armature  band,  lifted  the  coil 
heads,  and  wrecked  the  fields.  Since  the  motor  had  been  run 
on  the  test  bench  at  2.100  t.p.m.  with  no  loosening  of  the 
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head  band,  it  is  reasonable  to  assume  that  the  runaway  speed 
considerably  exceeded  this  value.  Careful  examination  of 
the  slot  sticks  showed  none  broken  or  split.  The  use  of  such 
sticks  requires  a  deeper  slot  for  the  same  winding,  hence  a 
somewhat  larger  motor.  The  exact  influence  on  cost  is  diffi- 
cult of  determination  but  is  placed  at  .5%. 

Probably  no  other  class  of  user  so  generally  demands 
a  split  bearing  at  the  pinion  end  as  do  you.  Its  advantages 
in  your  work  are  obvious  but  must  be  paid  for.  The  in- 
crease in  cost  depends  upon  the  type  and  we  would  place  it 
at  4%  for  the  pinion-end  alone. 

The  commutator  has  been  referred  to  as  the  heart  of 
the  d-c.  motor,  both  because  all  life  current  emanates  there- 
from and  because  trouble  in  the  commutator  will  most  quick- 
ly cause  a  cessation  of  all  activity.  Many  a  motor  continues 
its  existance  for  a  long  while  with  a  bad  commutator  as 
many  a  man  with  a  weak  heart  lives  to  an  old  age,  but  neith- 
er is  considered  a  good  risk.  Mechanical  defects  will  cause 
poor  commutation  as  readily  as  electrical  ones.  We  have 
seen  a  motor  that  was  sparking  viciously  have  the  trouble 
entirely  eliminated  by  tightening  and  turning  the  commuta- 
tor. Commutator  troubles  are  cumulative,  rapidly  going 
from  bad  to  worse. 

First  considering  mechanical  features,  a  30  degree  angle 
with  the  same  depth  of  bar  affords  a  better  grip  than  45  de- 
grees but  costs  more  to  machine  by  a  slight  amount,  appro- 
ximately .15%.  Increase  in  grip  by  increasing  bar  depth 
V^-in.  raises  cost  .4%.  A  riser  or  tail  is  a  convenience  in 
rewinding  and  probably  results  in  better  first  soldering  and 
costs  .45%.  Increase  of  V^-in.  in  wearing  depth  must  be 
paid  for  to  the  extent  of  .4%.  5%  increase  in  the  number 
of  bars  adds  to  the  cost  of  assembling  the  commutator  and 
winding  the  armature  .25%  of  the  basic  cost.  Per  pound 
mica  is  the  most  expensive  material  you  find  in  your  motor. 
Improved  creepage  distance  over  the  commutator  collar  of 
14-in.  should  be  charged  up  at  .1%.  .035  mica  instead  of 
.025  means  .6%  cost  increase.  A  special  varnish  treatment 
in  the  V  is  a  reasonably  cheap  form  of  improving  the  insula- 
tion, as  it  can  be  secured  at  .1%  of  the  motor  cost. 

Field  weaking  motors  with  the  relatively  small  horse- 
power for  the  size  of  frame  under  consideration,  from  the 


378       MacCUrCHEON:  COST  VS.  UPKEEP  OF  D-C.  MOTORS 

electrical  standpoint,  need  but  one  brush  per  stud.  From 
mechanical  consideration  two  brushes  per  stud  may  be  ad- 
visable but  penalizes  cost  1%. 

The  use  of  a  rocker  ring  with  the  possibility  of  easy 
removal  and  renewal  of  brush  holders  and  insulation  is  a 
desirable  feature  providing  shifting  of  the  rocker  by  irres- 
ponsible parties  is  made  impossible.  Over  any  type  of  con- 
struction of  which  we  have  knowledge  the  rocker  represents 
an  increase  in  cost  of  1.2%.  The  advantage  of  unshrink- 
able biusli  stud  insulation,  such  as  condensite  or  micarta, 
fully  justifies  the  expenditure  of  .4%. 

There  are  many  points  of  quality  which  we  have  not  at- 
tempted to  evaluate.  We  wish  to  emphasize  that  the  figur- 
es we  have  used  depend  upon  a  limited  investigation  and  are 
based  upon  a  comparatively  isolated  case.  These  points  to 
which  we  particularly  refer  were  selected  as  points  on  which 
from  time  to  time,  steel  mill  engineers  have  expressed 
themselves  as  desiring  an  improvement  in  quality.  We  hope 
there  will  be  a  free  discussion  and  criticism  which  will  lead 
to  a  better  understanding  of  the  demands  of  steel  mill  en- 
gineers for  improved  quality  and  the  cost  penalty  which 
must  be  met  to  secure  them. 


DISCUSSION 


W.  T.  Snyder:  This  is  the  kind  of  a  paper  we  all  ap- 
preciate. It  is  very  useful  to  have  such  information 
brought  u])-to-datc,  and  publivshed  in  the  proceedings  of  our 
iissociation.  We  believe  if  we  had  more  of  such  data  we 
would  have  no  trouble  in  convincing  the  purchasing  agents 
of  our  companies  of  tlie  correctness  of  our  position,  and  the 
strength  of  our  recommendation  when  we  want  to  buy  a  par- 
ticular lino  of  apparatus.  On  the  other  hand,  if  we  just 
have  a  general  statement  thnt  one  piece  of  apparatus  is  bet- 
ter than  another  and  have  to  let  it  go  at  that,  we  cannot 
ex]>oct  the  argument  to  go  very  far,  l)ut  ^\ith  such  informa- 
tion as  this  we  would  certainly  have  the  upper  hand  of  the 
purchasing  agents,  because  every  one  of  them  will  buy  a 
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superior  grade  of  apparatus  if  they  can  be  convinced  that 
it  is  true  economy  to  buy  such  apparatus. 

James  Farrington:  In  regard  to  the  relative  cost  of 
your  motors,  it  might  be  that  you  should  take  into  consider- 
ation the  relative  importance  of  the  equipment  under  two 
heads;  first,  the  time  that  the  apparatus  is  running,  and 
second,  the  time  that  it  is  stopped. 

If  the  running  time  is  over  80  per  cent,  of  the  actual 
time,  then  the  cost  of  the  motor  is  not  to  be  considered.  On 
the  other  hand,  if  the  running  time  is  50  per  cent,  or  less 
of  the  actual  time,  the  stoppage  is  of  no  material  import- 
ance, and  you  can  take  the  risk  of  a  cheaper  machine. 

You  must  also  consider  the  effect  that  the  interruption 
of  service  has  on  the  production  of  your  tonnage.  If  that 
actually  holds  one  mill,  or  in  some  instances,  two  or  three, 
where  they  are  run  direct  from  one  to  another,  no  motor 
is  too  good.  As  a  rule,  continuity  of  service  is  worth  50 
per  cent,  to  60  per  cent,  additional  in  the  price  of  your  mo- 
tor, and  not  having  interruptions,  and  not  having  to  devote 
the  time  of  your  repair  crew  to  overhauling  apparatus  which 
has  been  interrupted  in  the  service,  it  gives  your  repair 
crew  more  time  to  inspect  the  other  apparatus,  and  in  many 
cases  it  will  cut  down  the  number  of  spares  that  you  will 
have  to  carry  to  give  you  adequate  protection. 

In  regard  to  ball  bearings,  we  had  that  question  up  and 
have  made  a  test  on  mine  locomotives,  and  we  are  getting 
from  eight  to  twelve  times  the  length  of  life  on  the  bear- 
ings on  these  mine  locomotives  with  ball  bearings,  that  we 
had  with  the  Lumen  bronze,  phosphor  bronze  or  babbitt,  so 
that  we  are  changing  all  of  our  mine  locomotives  to  ball 
bearings.  We  have  gotten  as  high  as  four  ye,^rs'  continuous 
service  on  a  set  of  ball  bearings  on  motors. 

As  to  the  cost  of  these  bearings;  W2  have  an  emery 
wheel  made  especially  for  us  so  that  we  can  re-grind  the 
rings,  and  we  are  buying  the  balls  1-32  of  an  inch  larger 
than  the  standard.  If  the  ball  wears  to  a  point  that  is 
dangerous,  we  re-grind  the  rings  and  insert  a  ball  1-32-inch 
larger  in  diameter,  thereby  bringing  the  armature  to  its 
correct  center. 

With  reference  to  the  new  modern  motors  above  150 
horsepower,  I  notice  that  nearly  all  the  compimies  aie  w^vcvg, 
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rectangular  wire  of  closed  loops  for  the  primary  coils  as 
against  the  strap  coil  that  was  soldered  in  the  front  and 
rear.  You  could  easily  repair  the  burnt-out  coil  in  the  old 
type  of  front  and  rear  connected  in  two  hours,  and  have 
the  motor  in  service  again,  but  in  the  case  of  the  modem 
type  motors  it  will  mean  eight  or  ten  hours'  time,  if  it  should 
be  necessary  to  actually  take  out  the  coil,  which  means  the 
"throw"  on  the  machine  each  way. 

The  engineers  say  that  they  get  better  efficiency  with 
this  type,  and  the  fact  that  three  of  the  largest  companies 
are  using  rectangular  wire  in  enclosed  loops  seems  to  in- 
dicate the  engineers  are  on  the  right  line,  although  it  is  go- 
ing to  affect  the  quickness  with  which  repairs  can  be  made, 
unless  a  spare  is  carried,  which  is  not  generally  done  on  the 
large  motors.  It  would  first  appear  that  we  were  going 
backward,  when  we  take  into  account  the  time  the  motor 
is  to  be  out  of  service. 

R.  R  Treat :     This  paper  gives  us  an  idea  of  producin^f 
in  quantities  a  machine  having  various  features  different 
from  those  of  the  basic  machine  selected.    It  gives  us  in- 
formation that  has  been  greatly  desired  for  a  long  time, 
and  will  be  very  useful  in  the  future,  provided  we  bear  in 
mind  that  the  figures  are  based  upon  the  production  of  ma- 
chines in  quantities.     This  becomes  quite  evident  when  we 
consider  a  few  of  the  special  features.     Commutator  de- 
tails offer  convenient  subjects.     Consider  that  one  of  ^4" 
additional  creepage  over  commutator  collar  costing  O.lfc 
A  new  collar  mould  will  be  necessary,  costing  from  $15.00 
to  $18.00  depending  upon  the  method  of  manufacture  of 
the  collar.     If  one  or  only  a  few  machines  are  to  be  built 
with  this  additional  creepage  the  purchaser  must  pay  for 
this  shop  tool,  when  paying  for  the  one  or  few  machines. 
Increase  weaning  depth  of  commutator  costs  $5.00  for  a 
die  to  produce  the  new  bar  dimensions,  and  perhaps  $20.00 
for  a  new  clamp  in  which  the  bar  and  mica  assemblage  is 
baked  and  machined. 

If  we  consider  the  special  features  to  apply  to  only  one 
machine,  then  not  only  the  tools  for  making  the  special  ma- 
chine should  be  charged  directly  to  it,  but  all  of  the  clerical 
work,  drafting,  and  designing  on  both  the  machine  and  the 
tools  should  be   added.    TYv\^  ^^ecial  machine    cannot  be 
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shipped  from  stock  by  means  of  a  low  priced  office  routine, 
but  it  must  receive  the  personal  attention  of  higrhly  intel- 
ligent people.  Drawings  must  be  made  of  the  new  article 
and  the  surrounding  objects  in  order  to  predict  consequenti- 
al changes  in  neighboring  parts. 

The  manufacturer's  estimate  of  a  change  oftentimes 
seems  ridiculously  high,  but  probably  in  the  majority  of 
cases  the  clerical  work  is  not  completely  paid  for. 

The  purchaser  expects  to  be  able  to  order  a  replace  part 
a  few  years  hence,  and  does  not  expect  to  be  told  that  there 
are  no  drawings  to  be  found,  or  that  the  records  are  incom- 
plete, or  that  the  man  in  charge  at  the  time  has  left  the 
factory. 

Special  features  are  oftentimes  remedies  for  troubles 
experienced.  A  machine  in  service  may  require  commuta- 
tor-turning six  times  a  year,  and  after  eight  turnings,  a  new 
commutator  becomes  necessary.  The  new  commutator  may 
be  ordered  with  double  the  turning  depth.  It  may  be  that 
the  first  commutator  was  baked  improperly  in  the  original 
manufacture  and  thereafter  performed  badly.  The  brush 
rigging  may  be  at  fault.  The  first  commutator  may  have 
been  loose  on  its  shaft.  Of  course  there  are  any  number 
of  possible  reasons  for  the  original  trouble.  Perhaps  the 
new  commutator  will  never  require  returning,  in  which  case 
the  special  depth  of  the  bar  is  unnecessary.  Perhaps  the 
inherent  commutating  properties  of  the  machine  are  bad. 
Whatever  it  is,  a  big  black  mark  should  be  made  against 
the  machine,  and  remembered  when  contemplating  the  pur- 
cnase  of  similar  ones. 

There  is  a  great  risk  in  buying  machines  having  special 
features.  Those  features  are  departures  from  the  factory 
practice,  and  they  introduce  unexpected  questions  through- 
out the  entire  manufacture. 

Let  us  assume  a  requirement  for  30-degree  angle  on 
the  commutator  bar,  and  that  the  factory  has,  heretofore, 
always  used  35-degree,  also  that  the  factory  makes  good  35- 
degree  commutators,  because  the  collar  mould  and  V-boring 
gauge  have  been  brought  into  agreement  through  shop  ex- 
perience in  spite  of  draftsman's  figures,  knowledge  of  mica 
board  shrinkage,  etc.  The  order  for  a  30-degree  "V"  is  ex- 
ecuted in  the  factory  by  men  who  never  heard  of  the  sKo^ 
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experience  on  3o-degree  ""V".  A  commutator  is  produeed 
that  is  just  as  bad  as  the  first  35-degree  ''V"  ones  produced 
years  a^ro.  The  customer  ^r^ts  a  bad  conunutatcM',  when  he 
easily  mi^rht  have  ^rotten  one  from  the  same  factory,  made 
by  its  tried  out  and  customary  methods  and  designs  that 
might  be  superior  to  any  conmiutator  made  by  any  factory. 

I  wish  to  emphasize  the  following: 

A  feature  from  one  manufacturer  that  gives  excellent 
results  on  his  product  may  produce  bad  results  when  affix- 
ed to  another  manufacturer's  product.  The  feature  may  be 
an  excellent  one,  but  one  shop  may  know  how  to  use  it,  and 
the  other  may  not. 

It  is  bad  practice  to  insist  upon  one  shop  producing 
special  machine  features  that  have  been  well  produced  by 
another  shop. 

If  troubles  are  annoying,  and  must  be  reduced ;  good  fea- 
tures are  evident  in  some  machines,  and  desired  in  others; 
improvements  are  thought  possible  over  what  at  present  is 
only  good  enough — then  talk  it  over  with  the  motor  manu- 
facturer, and  his  men  in  whom  you  have  confidence. 

My  attitude  in  the  matter  of  a  new  operation  in  a  shop, 
or  a  new  product  brought  out  by  a  manufacturer  may  be 
well  shown  in  my  general  answer  to  friends  who  ask  my 
advice  or  opinion  upon  a  newly  produced  automobile.  My 
answer  is,  "Don't  buy  or  accept  as  a  gift  a  newly  produced 
auto  until  it  has  been  on  the  market  a  year,  and  the  second 
year's  product  is  advertised  as  having  only  slight  changes 
from  the  previous  year,  even  though  the  manufacturer  has 
been  in  business  for  years."  An  auto  or  an  electric  motor 
may  be  reproduced,  on  drawings,  in  a  second  shop,  and  the 
result  may  be  a  bad  output. 

The  author's  paper  is  excellent,  provides  excellent  data, 
but  use  it  principally  as  a  basis  of  comparison  of  machines 
of  existing  manufacture  in  determining  the  relative  value  of 
them,  such  for  instance,  as  one  make  of  machine  might  be 
worth  $200.00  while  the  other  with  Vi"  greater  commutator 
collar  creepage  should  be  worth  $200.20. 

Fred  B.  Crosby:  I  had  no  intention  of  being  drawn  into 
the  discussion  of  this  particular  paper,  but  in  his  statement 
relative  to  the  status  of  the  designing  engineer  Mr.  Mac- 
^'Utcheon  struck  a  responsive  cord. 
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There  is  an  inevitable  difference  in  the  point  of  the 
designing  engineer  and  the  commercial  man.  The  aim  of 
the  former  is  to  produce  the  best  possible  device  from  the 
available  material.  As  a  rule  he  prefers  to  keep  a  Uttle  up 
his  sleeve  so  that  when  the  machine  comes  to  test  it  will 
show  up  a  little  better  than  his  original  guarantees.  The 
tendency  is  often  to  sacrifice  practical  to  theoretical  con- 
siderations. The  commercial  department  obviously  exists 
for  the  purpose  of  selling  the  manufactured  product.  In 
the  effort  to  accomplish  this  purpose  there  is  often  a  ten- 
dency to  overlook  the  fact  that  continued  sales  can  be 
reasonably  expected  only  so  long  as  the  product  comes  up 
to  a  recognized  standard. 

Our  organization  recognizes  this  difference  of  view- 
points and  provides  a  general  engineering  section,  the  prim- 
ary function  of  which  is  to  study  prospective  industrial  ap- 
plications from  every  angle  of  theoretical  design,  operative 
requirements,  and  possible  commercial  value,  to  pass  an  im- 
partial judgment  and  bring  the  necessary  pressure  to  bear 
upon  opposing  interests. 

The  rapid  growth  of  electrical  manufactures  has 
brought  into  common  usage  a  relative  new  word,  "obsoles- 
cence". It  is  not  practicable  commercially  to  build  a  ma- 
chine so  good  that  it  will  never  wear  out.  Methods  of  manu- 
facture improve  and  new  materials  are  discovered  or  produc- 
ed synthetically.  Equally  good  and  often  even  better  de- 
vices can  be  produced  for  lower  cost  than  existing  designs. 
Greater  operating  economies  often  render  replacement  ad- 
visable long  before  equipment  is  worn  out.  It  is  obsolete. 
Steel-mill  engineers  sometimes  object  to  the  frequent  chang- 
es in  designs  offered  by  electrical  manufacturers,  losing 
sight  of  the  fact  that  these  changes,  while  causing  them 
some  annoyance,  are  a  hundred-fold  more  objectionable  and 
expensive  to  the  manufacturer.  It  is  largely  for  you  to  say 
which  you  will  have,  competition,  new  designs,  and  lower 
cost  or  unchanging  standard  designs  at  old  prices.  The 
steel-mill  engineer  faces  a  perpetual  problem  of  how  to  ob- 
tain the  most  effective  compromise  between  the  factors  of 
first  cost,  maintenance,  and  efficiency  of  operation. 

R.  W.  Davis:  The  majority  of  the  items  brought  out 
in  Mr.  MacCutcheon's  paper  are  considered  starvdaid  ?ocv4 
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are  furnished  by  steel-mill  motor  builders.  There  is  no 
question  but  that  the  best  motor  for  steel  mill  service  will 
be  obtained  when  designing  and  operating  engineers  co- 
operate to  produce  a  machine  to  meet  the  given  service  con- 
ditions. 

The  large  users  of  rectangular  wire  have  made  an  at- 
tempt to  standardize  on  certain  widths  and  sizes.  These 
standard  sizes  are  carried  in  stock,  both  bare  and  double- 
cotton  covered.  When  an  order  is  received  for  spare  coils 
the  wire  can  be  drawn  from  stock  and  the  coils  delivered 
in  a  comparatively  short  time.  Many  steel  mills  keep  cert- 
ain of  these  sizes  of  wire  in  their  own  stores  and  make 
their  own  spare  coils. 

L.  F.  Galbreath:  I  do  not  know  that  I  can  add  very 
much  to  the  discussion  although  I  may  bring  out  one  point. 
Suppose  we  consider  two  motors  which  have  the  prc^r 
characteristics  for  two  duplicate  machines  on  which  they 
are  to  operate.  One  of  the  motors  is  a  low  first-cost  motor, 
which  has  a  short  life,  therefore  it  will  produce  a  large  num- 
ber of  hours  delay  per  year,  which  results  in  a  small  pro- 
duction at  a  high  cost  per  ton.  The  other  motor  which  is 
a  high  first-cost  motor  will  have  a  longer  life,  therefore  a 
smaller  number  of  hours  delay  per  year  which  gives  a  great- 
er production  at  a  smaller  cost  per  ton.  As  the  difference 
m  price  of  the  two  motors  is  small  compared  with  the  earn- 
ings from  the  increased  production  and  the  earnings  due  to 
the  lower  cost  i)er  ton  of  production,  the  high  first-cost  mo- 
tor will  produce  greater  dividends. 

Clark  S.  Lankton:  One  point  Mr.  Farrington  brought 
out,  that  is  a  motor  that  had  50  per  cent,  operation  might 
be  a  somewhat  cheaper  motor  than  one  which  had  80  per 
cent,  operation,  apparently  seems  to  be  very  good  logic.  On 
the  other  hand,  the  steel-mill  engineer  has  to  standardize 
to  a  great  extent,  and  he  has  to  keep  the  motors  as  near 
alike  as  possible,  so  that  if  there  are  places  where  the  50 
per  cent,  operation  motor  could  be  used,  there  are  undoubted- 
ly other  places  requiring  heavier  service,  and  in  order  to 
keep  the  motors  all  alike,  you  have  to  provide  the  better 
motor  for  the  lighter  work. 

John  C.  Reed:  Mr.  Farrington's  remarks  on  the  use 
of  ball  bearings  are  very  interesting.     I  have  thought  for 
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some  time  that  we  should  come  to  a  point  where  we  could 
get  longer  life  out  of  the  motor  bearings,  and  the  use  of 
ball  bearings  seems  to  be  a  step  in  that  direction.  For  a 
number  of  years  I  have  used  in  one  of  our  departments,  a 
number  of  small  motors  which  have  ball  bearings  on  the 
conunutator  end,  and  a  few  weeks  ago  we  had  trouble  with 
the  first  one,  after  something  like  four  years'  use,  so  I  am 
inclined  to  believe  that  ball  bearings  in  the  smaller  line  of 
motors  would  be  superior  to  the  babbitt  bearings. 

W.  T.  Snyder:  I  wonder  what  influenced  Mr.  Farring- 
ton  to  use  ball  bearings  or  roller  bearings?  Did  Mr.  Mac- 
Cutcheon  evaluate  the  speed  ?  What  is  the  difference  in  the 
value  of  a  7.5  horsepower  motor,  500  revolutions,  and  one  of 
the  same  horsepower  at  600  revolutions  ? 

T,  E.  Tjmes:  One  of  the  gentlemen  made  the  remark 
that  if  the  steel  mill  engineers  would  only  tell  the  motor 
manufacturers  what  they  wanted  the  motor  manufacturers 
would  try  to  give  it  to  them.  I  have  been  trying  to  tell 
them  for  the  last  three  years  that  what  we  want  is  a  stand- 
ardized motor,  something  we  can  depend  on  and  will  not  be 
changed  in  a  few  months.  I  can  recall  in  the  last  ten  years 
one  line  of  induction  motors  which  has  been  changed  five 
times  and  we  have  four  of  them.  The  result  is  we  have  a  col- 
lection of  antique  motors,  the  parts  of  which  are  hard  to  re- 
place when  we  need  them.  The  earlier  motors  were  well 
made  and  stood  up  in  good  shape.  I  do  not  see  the  necessity 
of  changing  designs  so  often  when  we  are  willing  to  pay  for 
a  good  design  and  stick  to  it. 

I  think  the  first  requisite  in  a  motor  for  steel  mill  use 
is  reliability  of  service,  and  we  are  willing  to  pay  for  that 
kind  of  equipment,  but  we  do  not  want  to  be  penalized  two 
or  three  years  afterward  by  having  to  buy  repair  parts  for 
the  old  motor  at  a  greatly  increased  price  on  account  of  its 
being  obsolete. 

If  it  comes  within  the  province  of  this  Association  to 
get  up  a  standard  mill-type  motor  that  we  can  demand  from 
the  manufacturer,  I  would  be  in  favor  of  such  a  motor.  As 
the  quality  of  the  material  increases  in  permeability  or  in 
any  other  way,  put  that  material  into  the  motor,  but  arrange 
matters  so  that  we  can  secure  duplicate  parts  at  all  tiraes» 
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and  not  be  compelled  to  carry  a  storehouse  filled  with  a  mis- 
cellaneous assortment  of  motor  parts. 

W.  T.  Snyder:  If  there  is  any  one  point  the  steel-mill 
men  are  unanimous  on,  it  is  the  point  Mr.  Tynes  has  just 
brought  up. 

Ralph  H.  Kilner:  There  are  two  sides  to  that  story — 
the  side  of  the  steel-mill  man  and  the  side  of  the  manufac- 
turer. Mr.  Tynes  prefaced  his  remark  in  substance  "If  you 
standardize  on  a  good  motor,  we  will  pay  for  it."  The  ex- 
perience of  the  manufacturer  is  that  the  steel-mill  men  will 
not  pay  for  it.  The  manufacturer  brings  out  motors  ju'^t 
in  line  with  what  the  steel-mill  men  want,  and  while  the 
steel-mill  men  may  be  willing  to  pay  for  it,  the  purchasing 
department  of  the  mill  is  not.  The  manufacturers  bring 
out  machines  having  the  characteristics  of  interchangeabili- 
ty,  exchangeabiUty  and  ruggedness  that  the  mill  owners 
want,  but  our  experience  has  been  that  we  cannot  sell  en- 
ough of  these  machines  to  justify  the  continuance  of  their 
manufacture,  and  that  is  the  reason  why  the  manufacturer 
of  steel-mill  motors  has  to  change  the  design.  You  want 
both  cheapness  and  durabiUty  in  the  same  motor,  and  we 
cannot  always  reconcile  those  tv/o  elements. 

It  was  the  experience  of  one  company  to  bring  out  a 
good  machine,  which  the  steel-mill  men  wanted,  but  they 
were  not  able  to  create  a  sufficient  demand  for  this  par- 
ticular machine  to  keep  it  on  the  market. 

T.  E.  Tynes:  This  matter  comes  back  to  the  question 
of  records.  If  you  keep  actual  records  you  can  go  over 
the  purchasing  department,  to  the  general  superintendent, 
and  if  you  can  show  him  a  saving  in  dollars  and  cents,  you 
will  get  a  good  motor. 

C.  E.  Bedell :  Mr.  MacCutcheon,  in  his  paper,  has  dealt 
in  considerable  detail  with  the  various  elements  entering 
into  the  design  of  a  typical  motor,  and  showing  us  the  ef- 
fect of  the  various  improvements  on  cost.  This,  of  course, 
is  quite  a  help  to  the  operating  engineer  in  knowing  what 
qualities  are  most  desirable  for  a  given  first  cost.  But,  as 
hinted  at  in  the  second  paragraph  of  this  parjer,  it  is  the 
purchaser  and  electrical  department  that  are  vitally  inter- 
ested in  the  selection  of  a  certain  motor  to  a  particular  ap- 
plication,  and  the  decision  must  be  based  on  the  relation  the 
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motor  bears  to  the  complex  system  of  manufacture  to  which 
it  is  being  applied.  In  this  system  the  motor  is  one  of  the 
component  parts  having  a  definite  responsibility  with  re- 
lation to  the  cost  of  operation  and  in  turn  the  cost  of  the 
finished  product.  It  is  then  the  problem  of  the  electrical 
engineer  to  so  select  his  equipment  as  to  gain  the  best  re- 
sults, both  in  operation  and  repair  at  the  minimum  of  cost. 
He  is  not  hampered  by  lack  of  variety  to  select  from,  for, 
thanks  to  competition,  the  manufacturers  have  produced  a 
great  variety  of  types  as  to  quaUty  and  cost.  But  it  is 
about  as  difiicult  to  judge  a  strange  motor  as  it  would  be  a 
strange  man.  It  cannot  be  done  by  rule  or  weight  but  by 
experience  in  service,  and  it  is  a  question  of  making  good  on 
the  job.  So  in  the  discussion  let  us  consider  the  relations 
existing  between  first  cost,  upkeep  and  the  operating  im- 
portance of  the  motor  as  related  to  the  cost  of  the  finished 
product.  It  is  just  as  important  for  us,  in  purchasing,  to 
harmonize  the  motor  characteristics  with  the  related  fea- 
tures of  the  complete  installation  as  it  is  for  the  manufac- 
turer to  select  the  component  parts  of  a  good  well-balanced 
motor  design. 

Now,  suppose  the  typical  motor  of  15  h.p.  used  in  the 
paper  under  discussion  is  an  average  trimmed  down  motor, 
but  meeting  average  specifications,  and  that  we  make  all 
the  improvements  suggested  in  his  paper  we  will  then  have 
a  motor  costing  about  20%  more  than  the  original  motor 
and  of  course  a  better  motor.  Any  manufacturer  can  make 
a  better  motor  if  he  can  get  the  price  for  it.  The  question 
is,  shall  we  demand  it  for  all  applications  and  shall  we 
spend  the  money  for  repairs  or  first  cost  ?  At  this  point  we 
must  consider  the  relation  the  motor  bears  to  the  rest  of 
the  operating  features  including  men,  machinery,  and  over- 
head expense.  In  order  to  illustrate  the  principle  involved, 
let  us  consider  the  extremes  in  our  classification  of  manu- 
facturing processes  for  which  we  are  to  select  the  most  de- 
sirable motor.     Let  us  consider  the  classification  as  follows : 

Class  A.  Finishing  departments  where  the  number  of 
men  corresponds  with  the  number  of  motors,  and  each 
equipment  independent  of  the  other,  such  as  any  individual 
machine  drive,  machine  shop,  or  threading  floor  of  tube 
mill. 
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Class  B.  A  process  where  power  cost  is  small,  wages 
high  but  continuous  operation  very  essential  such  as  tube 
mill  furnaces. 

Class  C.  A  process  where  power  and  first  cost  of 
equipment  are  high  with  wages  minimum. 

With  these  three  classifications  we  can  more  readily  see 
that  the  same  class  of  motor  would  not  be  applicable  in  each 
case.  Now,  consider  the  15  h.p.  motor  in  question,  and  ap- 
ply it  to  class  A  with  100  men  and  100  machines.  If  the 
motor  cost  $225.00  we  would  have  a  first  cost  of  $22,500.00 
for  motors,  and  for  the  improved  motor  $4,500.00  additional 
would  be  required  or  enough  to  buy  20  spare  machines.  A 
motor  delay  of  one-half  hour  here  is  not  an  expensive  de- 
lay, say  thirty  cents.  So  in  this  case  it  would  seem  that 
the  higher  priced  motor  is  hardly  justifiable. 

But,  in  the  case  of  Class  B,  application  such  as  a  tube 
mill  butt  weld  furnace  having  eight  motors  totaling  100 
h.p.,  at  a  first  cost  of  $2,000.00,  a  power  cost  of  25c  per  hour, 
a  labor  and  overload  cost  of  $18  per  hr.,  a  half-hr.  delay  here 
means  $9  actual,  a  proportionate  loss  in  production  and  indlr^ 
ect  effect  on  the  quality.  So  in  this  case  the  efficiency  of  the 
motors  can  well  be  sacrificed  if  it  will  add  the  least  to  re- 
liabiUty,  and  in  this  connection  we  should  remember  that 
the  commutator  and  brushes  are  the  places  to  spend  the 
money  when  reUability  is  paramount.  In  this  class  of  ser- 
vice a  failure  of  any  part  of  any  motor  affects  the  whole 
process  and  total  production  in  the  direct  ratio  of  the  time 
required  to  get  back  to  service  again,  so  it  is  obviously 
penny-wise  and  pound-foolish  to  economize  on  motor  details 
that  will  in  any  way  deduct  from  the  reliability  of  the  mo- 
tor. 

In  consideration  of  Class  C,  such  as  a  motor-driven 
blooming  mill,  the  condition  requires  an  entirely  different 
basis  of  thought.  Here  the  first  cost  is  high,  also  the  power 
cost,  but  wages  are  a  minimum.  These  figures  may  be  as 
follows:  First  cost,  $150,000.00,  a  power  cost  of  $2.50  per 
hour,  a  stand-by  or  constant  cost  of  $4.40  per  hour,  making 
only  $1.00  cost  against  one  half  hour  delay,  because  of  pow- 
er being  shut  off.  Here  strength  and  reliability  are  im- 
portant, not  so  much  from  the  cost  of  short  delays,  but  be- 
cause any  break  is  likely  to  be  expensive  on  account  of  its 
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size  and  the  replacement  requiring  long  delays.  The  fea- 
ture of  equal  importance  here  is  efficiency,  as  the  power  item 
over-shadows  any  other  single  item,  and  is  a  large  part  of 
the  total.  In  this  class  of  equipment  the  repairs  should  be 
practically  nothing  for  long  periods  as  when  they  do  come 
they  are  generally  large  items.. 

These  few  remarks  are  only  to  emphasize  the  fact  that 
the  questions  of  repair  as  related  to  first  cost  are  equally  re- 
lated to  the  associated  conditions  of  the  installation  and 
should  be  judged  according  to  the  part  they  are  to  occupy 
in  the  complete  system  of  equipment  and  can  not  be  de- 
termined upon  when  separated  from  these  surroundings. 

D,  M.  Petty:  I  think  one  point  to  be  considered  is  the 
commercial  end,  reliability  and  efficiency.  Efficiency  of  the 
steel  mill  motor,  with  low  cost  of  power,  is  not  as  import- 
ant an  element  a^  the  reliability.  Since  the  efficiency  of  the 
machine  is  materially  affected  by  cost,  it  seems  to  me  it 
is  not  always  necessary  to  buy  the  most  expensive  motor, 
especially  a  motor  whose  increased  cost  was  made  up  pri- 
marily to  secure  greater  efficiency. 

A  good  part  of  the  troubles  with  motors  is  due  as  much 
to  mechanical  as  to  electrical  defects,  and  the  majority  of 
the  electrical  troubles  lie  in  the  commutator.  I  feel  that 
the  manufacturers  can  well  afford  to  spend  money  in  mak- 
ing motors,  and  the  steel  mills  can  well  afford  to  spend 
money  in  buying  motors  that  have  good,  rugged  commu- 
tators and  brush-holders  that  are  put  on  mechanically 
strong.  A  flimsy  brush-holder  can  spoil  a  motor  having  all 
the  other  good  points  in  it  that  money  can  buy. 

A  further  point  about  efficiency,  on  such  motors  as 
crane  and  table  motors  is  that  the  total  running  time  of  the 
motor  is  comparatively  small,  and  therefore  the  efficiency 
may  be  considered  as  of  minor  importance  when  compared 
to  reliability. 

J.  E.  N.  Hume:  In  line  with  what  Mr.  Tynes  has  said 
regarding  changing  so  often,  I  think  if  you  will  look  back 
over  the  past  you  will  find  that  there  has  been  ?  very  good 
reason  for  these  changes,  and  that  when  a  change  is  made 
the  manufacturing  company  has  to  go  to  a  vast  amount  of 
expense  incident  to  the  new  design  and  construction  of  the 
motor,  in  educating  the  salesmen  to  the  chaiv^e  axid,  \w- 
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cidentally,  in  changing  its  price  books,  etc.  These  changes 
would  not  be  made  unless  there  is  a  very  good  reason  for 
them  and  the  reason  is  almost  invariably  due  to  the  fact 
that  the  manufacturing  companies  have  a  better  design  to 
offer,  and  incidentally,  very  frequently  the  price  is  some- 
what lowered  by  the  new  design.  I  think  you  will  find,  in 
this  fact,  the  reason  why  automobiles  are  changed  yearly, 
namely,  to  keep  them  on  a  competitive  basis.  It  is  not  that 
they  make  promiscuous  changes  just  merely  for  the  sake 
of  changes,  but  these  changes  are  made  absolutely  for  the 
purpose  of  keeping  the  manufacturer  in  a  competitive  posi- 
tion and  to  offer  something  better  to  the  public. 

J.  E.  Brobet:  Mr.  MacCutcheon's  paper  deals  very 
thoroughly  with  a  subject  which  unfortunately  is  fully  ap- 
preciated by  only  a  small  percentage  of  salesmen  and  pur- 
chasing agents  and  too  great  an  effort  cannot  be  made  to 
bring  the  points  dealt  with  to  the  attention  of  the  buying 
public. 

One  particular  feature  in  design  of  motors  which  will 
materially  affect  Mr.  MacCutcheon's  data  and  which  a  mo- 
tor manufacturer  must  carefully  consider  before  introduc- 
ing a  new  line  of  motors  is  the  relative  cost  of  raw  material, 
particularly  steel,  iron  and  copper. 

With  relatively  low  cost  of  copper  the  design  would 
cover  what  may  be  termed  "copper"  machines  and  which 
would  result  in  unusually  low  weight.  This,  however,  does 
not  imply  that  the  machine  would  be  more  efficient,  or  that 
heating  would  be  lower,  but  the  percentages  for  various 
changes  would  differ  somewhat  from  those  given,  being 
higher  in  some  cases  and  lower  in  others. 

Should  the  motor  manufacturer  aim  to  build  motors 
which  will  have  a  minimum  cost  dependent  on  successful 
operation  on  each  of  various  load  applications  such  as  pumps, 
fans,  line  shafting,  etc.,  he  would  arrive  at  a  condition  where 
he  would  be  burdened  with  so  many  different  designs  both 
mechanical  and  electrical  that  it  would  be  impossible  for  him 
to  manufacture  any  one  of  them  economically. 

It  has,  therefore,  been  the  custom  of  the  General 
Electric  Company  before  exploiting  a  new  line  of  motors, 
to  carefully  consider  the  requirements  of  the  various  ap- 
;)Jicati()ns  and  so  design  the  "standard"  line  of  motors  that 
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it  will  embody  as  many  of  these  requirements  as  is  con- 
sistent with  cost  and  percentage  of  sales,  only  slight  modi- 
fications being  necessary  to  adapt  the  motors  to  special  ser- 
vice conditions. 

It  has  been  found  necessary,  however,  to  deviate  from 
this  course  in  one  case;  viz.,  that  of  the  adjustable  speed 
motor  primarily  designed  for  machine  tool  work.  The  duty 
requirement  for  this  work  differs  so  widely  from  that  of  the 
usual  constant  speed  motor  that  it  has  been  found  neces- 
sary to  design  a  line  of  motors  particularly  adapted  to  ma- 
chine tool  work,  always  remembering  that  a  machine  tool 
"equipment"  means  a  combination  of  motor  and  control  and 
that  it  has  been  found  advantageous  to  simplify  the  control 
equipment  las  much  as  possible  even  to  the  extent  of  plac- 
ing an  additional  burden  u^n  the  motor  in  the  shape  of 
better  commutating  characteristics^  this  in  turn  resulting 
in  a  somewhat  lower  relative  cost  of  control,  a  higher  cost 
of  motor,  a  much  lower  maintenance  cost,  for  whole  equip- 
ments, and  better  general  operation,  exceptionally  good  elec- 
trical operation  being  combined  with  rugged  mechanical  de- 
sign. 

As  good  electrical  operation  and  long  life  go  hand  in 
hand  with  high  efficiency,  the  efficiency  of  such  a  line  of 
motors  is  consequently  high  in  comparison  with  an  ordinary 
constant  speed  line  in  which  the  question  of  overloads,  va- 
riation in  speed,  no  load  to  full  load,  low  heating  of  fields 
with  motor  armature  stationary,  etc.,  are  not  so  carefully 
considered.  Mechanically  such  a  lina  should  be  very  rug- 
ged, should  have  split  rear  end  shields  for  ease  of  remov- 
ing armatures  when  geared,  and  of  as  small  physical  dimen- 
ions  as  possible ;  the  latter  point  being  excetpionally  import- 
ant. 

All  of  tnese  features  mean,  as  Mr.  MacCutcheon  has 
pointed  out,  additional  cost  above  the  minimum  cost  of  mo- 
tor which  would  "get  away"  in  a  majority  of  cases,  par- 
ticularly where  the  duty  requirement  has  baen  overestimat- 
ed and  the  tool  over  motored,  and  prove  unsatisfactory  froii-i 
a  standpoint  of  electrical  and  mechanical  life  in  those  cases 
which  put  the  motor  to  a  real  test  and  which  are  becoming 
more  and  more  universal. 
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The  mechanical  construction  and  special  parts  of  such 
a  line  are  always  available  for  use  in  special  constant  speed 
applications  where  the  requirements  will  warrant  the  addi- 
tional cost. 

W.  T.  Snyder :  I  do  not  know  whether  I  can  speak  for 
Mr.  Tynes  or  not,  but  speaking  for  myself,  I  do  not  think 
we  take  the  stand  that  we  want  the  manufacturers  to  stop 
developing  the  motors,  but  what  we  would  like  to  have  them 
do  for  instance,  is  to  keep  the  over-all  dimensions  the  same, 
so  that  an  improved  motor  will  fit  where  the  old  type  of  mo- 
tor was  installed,  and  keep  the  armatures  interchangeable, 
so  that  we  do  not  have  to  get  a  complete  line  of  spares  for 
every  improvement  that  is  made. 

John  E.  N.  Hume:  Most  of  the  companies  try  to  do 
that,  but  there  are  numerous  cases  where  they  can  not  do 
it. 

George  W.  Richardson:  With  reference  to  the  paper 
under  discussion,  I  might  say  the  larger  wearing  depth  of 
the  commutator — that  is  where  we  have  most  of  our  troub- 
les in  our  direct-current  motors — appealed  to  me  very  much. 
At  our  place,  we  make  quite  a  number  of  changes  ourselves; 
that  is,  when  we  find  a  commutator  that  has  not  very  much 
wearing  depth,  and  which  after  it  has  been  in  use  for  a 
year  or  so  is  wearing  out,  we  make  another  commutator 
with  larger  wearing  depth.  We  also  often  find  that  the  in- 
sulation between  commutator  bars  is  so  thin  that  the  grease 
and  dirt  we  have  in  the  plant  causes  a  great  deal  of  trouble, 
and  we  have  increased  that  thickness  somewhat.  We  have 
also  taken  the  front  end  off  the  commutator  as  well  as  the 
back  end  and  put  on  a  mica  ring  clear  up  to  the  wearing 
surface  of  the  commutator.  In  quite  a  number  of  places 
where  we  had  considerable  trouble  from  the  oil  and  dirt 
we  found  that  the  armatures  and  commutators  were  wear- 
ing much  better  by  reason  of  the  changes  that  we  made, 
and  which  I  have  just  indicated.  Sometimes  we  have  a 
little  trouble  in  holding  the  rings  on. 

We  make  quite  a  number  of  armatures  and  insulate 
them  quite  heavily,  but  we  have  considerable  trouble  with 
the  dirt  and  oil  that  goes  onto  them. 

In  reference  to  the  bearings,  of  course  our  machines 
are  old-timers  and  it  is  a  hard  matter  to  keep  the  oil  in 


DISCUSSION:  COST  VS,  UPKEEP  OF  D-C\  MOTORS        393 

the  bearings.  Many  times  in  machinery  connected  by  gear, 
the  back-lash  stirs  the  oil,  the  oil  siphons,  and  runs  out  of 
the  bearing.  You  may  ask  the  man  in  charge  of  it  and  he 
will  swear  that  he  put  the  oil  into  the  bearing  the  day 
before,  but  the  bearing  is  stuck  or  cut  out  due  to  the  oil 
siphoning  out. 

Some  years  ago  we  had  considerable  trouble  with  mo- 
tors that  are  obsolete  at  the  present  time,  and  we  were  do- 
ing reversing  work  with  ring-wound  armatures.  I  chang- 
ed them  to  a  form-winding,  using  the  same  cores,  increas- 
ing the  shafts  and  also  the  bearings,  and  at  the  same  time 
I  made  up  the  commutators  of  large-wearing  depth ;  and  I 
must  say  they  are  the  best  open  motors  I  have  around 
the  plant,  not  taking  the  new  mill-type  into  consideration. 
It  is  very  seldom  that  we  have  any  trouble  with  them.  We 
use  them  on  the  same  work  as  formerly.  The  improvement 
was  entirely  due  to  changing  from  the  ring-winding  over 
to  the  form-winding,  and  the  commutation  of  the  motors 
at  the  present  time  is  better  than  before.  This  improve- 
ment was  brought  about  merely  through  ordinary  repair- 
shop  practice.  I  think  we  have  made  the  commutation  a 
little  better  by  using  the  form  coil  instead  of  the  ring-wind- 
ing. 

E.  L.  Behrens:  There  is  one  point  which  has  been  very 
forcibly  brought  to  our  attention  lately  and  that  is  the  de- 
liveries of  motors.  We  tried  very  recently  to  get  a  num- 
ber of  these  "good"  motors,  and  we  could  get  nothing  but  a 
promise  of  delivery  in  nine  months.  We  are  moving  pretty 
fast  in  our  business  just  now,  and  we  could  not  afford  to 
wait  this  length  of  time. 

The  standard  motor  as  it  has  been  developed  is  pretty 
generally  applicable,  and  where  difficulties  are  experienced 
due  to  the  standard  design,  we  have  found  they  can  be 
minimized  by  giving  a  greater  attention  to  methods  of  ap- 
plication and  the  details  of  maintenance.  As  a  single  ex- 
ample, I  might  say  that  daily  inspection  is  made  without 
disturbing  the  large  cover  of  bearings,  because  by  so  doing 
a  small  amount  of  grit  invariably  finds  its  way  into  the 
bearing.  While  in  a  great  many  instances  we  would  prefer 
to  use  a  motor  more  adapted  to  conditions  as  they  exist, 
we  are  really  performing  miracles  by  our  use  of  the  stand- 
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ard  motor.  When  any  trouble  is  experienced  we  endeavor, 
by  careful  study,  to  ascertain  its  cause  and  to  remedy  it  on 
the  ground. 

W.  T.  Snyder:  Mr.  MacCutcheon  said  that  "the  dielec- 
tric strength  of  insulation  is  not  so  important  in  250-volt 
apparatus." 

My  remarks  earlier  in  the  session  about  having  to  ship 
a  piece  of  apparatus  back  to  the  factory  was  a  case  where 
the  insulation  failed.  The  manufacturer  would  not  believe 
it,  because  the  apparatus  had  stood  a  test  of  1500  volts  at 
the  factory,  and  had  been  subjected  to  only  250  volts  at  our 
plant. 

Ordinarily  the  insulation  is  amply  safe,  as  far  as  the 
dielectric  strength  is  concerned,  but  there  is  not  sufficient 
creeping  surface  and  the  current  finds  an  easier  path  to 
ground  than  through  the  insulation. 

James  Farrington:  The  President  asks  why  we  use 
ball  bearings  instead  of  roller  bearings.  In  this  case  the 
bearings  were  applied  on  a  Jeffrey  locomotive,  and  the  space 
allowed  for  the  bearings  was  too  small  to  get  roller  bearings 
of  sufficient  carrying  capacity  on  the  apparatus. 

A.  M.  MacCutcheon:  The  point  brought  out  by  Mr. 
Farrington  was  very  interesting,  namely,  that  in  the  case 
of  the  80  per  cent,  running  motors  a  higher  cost  was  war- 
ranted, and  in  the  case  of  the  50  per  cant,  running  a  cheap- 
er motor  was  justified.  That  is  the  kind  of  figures  we  have 
not  had,  and  it  is  the  kind  of  figures  which  is  interesting 
and  helpful  in  reaching  decisions. 

Regarding  the  length  of  life  of  the  ball  bearing  as  com- 
pared to  the  oil-ring  bearing,  it  has  been  our  belief,  though 
it  may  have  to  be  corrected  by  information  which  you  gain 
based  on  your  experience,  and  that  has  been  given  today  by 
Mr.  Farrington,  that  the  ball  bearings  stand  up  better,  re- 
quire less  attention  and  will  not  go  down  from  lack  of  at- 
tention nearly  as  quickly  as  the  oil  bearing  for  all  the  uses 
to  which  the  bearings  may  be  put.  That  is  the  point  of 
view  of  the  manufacturers  on  that  proposition. 

I  know  some  of  the  large  companies  today  are  bring- 
ing out  what  they  call  a  heavy-duty  bearing,  and  now  they 
are  going  even  further  and  making  a  steel  ball  bearing, 
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which  they  call  their  mine  locomotive  bearing,  a  geared  mo- 
tor-drive bearing.  In  this  case  the  great  difference  be- 
tween what  they  called  the  heavy-duty  bearing,  and  now 
term  the  mine  bearing,  and  the  geared  motor  bearing,  is  in 
the  construction  of  what  they  call  the  cage — the  material  of 
the  balls  was  not  at  fault,  it  is  what  holds  them  that  went 
down. 

With  regard  to  Mr.  Treat's  discussion,  he  has  made  a 
very  strong  point,  indeed,  on  the  interchangeability  of  parts. 
He  covered  quite  well  the  point  which  was  later  brought 
out,  namely,  the  undesirability  of  frequently  changing  de- 
signs and  the  consequent  lack  of  interchangeability.  The 
only  comment  I  can  make  in  that  connection  is  that  all 
companies  do  more  or  less  re-designing.  I  am  not  partic- 
ularly prepared  to  urge  any  particular  customer  to  ask  for 
high  quality  features  which  the  motor  otherwise  would  not 
have,  for  that  one  installation.  If  he  does  that  Mr.  Treat's 
criticism  is  justified. 

What  we  try  to  bring  out  in  the  paper  is  the  desir- 
ability of  the  motor  manufacturer  knowing  just  what  you 
need,  your  advising  him  as  to  your  requirements,  and  he, 
on  the  other  hand,  telling  you  what  these  requirements  will 
cost,  so  that  when  a  motor  is  re-designed  you  will  know 
what  it  will  be  sold  for,  and  what  you  will  have  to  pay  in 
order  to  procure  it. 

The  paper  suggests  a  heavy-duty  motor  for  general 
service  work,  in  between  the  motor  sold  for  printing  pres- 
ses and  other  work  of  that  kind,  and  the  type  of  motor  sup- 
plied for  blooming  mills,  etc.,  that  motor  to  be  standardiz- 
ed and  manufactured  in  quantities. 

It  has  seemed  to  me  in  considering  the  subject  of  the 
paper  that  there  is  a  large  demand  from  steel-mill  users  for 
a  heavy-duty  motor  for  general  service  work,  even  at  an 
increase  in  cost. 

Regarding  the  actual  cost  of  tools  to  give  these  special 
features,  as  cited  by  Mr.  Treat,  the  tools  being  rated  at 
$53  on  100  motors,  that  would  make  it  53  cents  on  each 
motor — ^I  am  talking  about  motors  that  will  be  manufac- 
tured in  thousand  or  ten  thousand  lots,  and  therefore  I 
claim  that  the  point  of  expense  in  the  new  tools  vioxiVi  Vi^ 
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quickly  wiped  out  if  the  features  are  made  standard  for  a 
standard  line  of  motors  for  this  particular  line  of  service. 

That  viewpoint  answers  the  criticism  that  one  manu- 
facturer, using  a  feature  found  to  be  good,  but  differing 
from  his  past  practice,  might  not  successfully  carry  out  that 
feature. 

Mr.  Davis  referred  to  the  standardization  of  rectang- 
ular wire.  I  was  looking  at  it  a  little  differently  from  what 
he  was.  He  referred  to  the  fact  that  the  companies  stand- 
ardizing on  windings  use  the  rectangular  wire.  They  do; 
they  are  going  further,  and  extending  the  standards  of  one 
company  to  become  the  standards  of  all  the  companies. 
They  have  standardized  on  round  wire,  and  there  is  no  rea- 
son why  they  cannot  standardize  on  rectangular  wire,  ex- 
cept that  it  is  possible  to  get  so  many  combinations.  The 
steel-mill  men  are  adding  their  influence  to  that  of  the  manu- 
facturers, and  are  endeavoring  to  influence  all  manufactur- 
ers to  get  together  so  that  wire  can  be  carried  even  for  mo- 
tors manufactured  by  different  companies. 

I  think  Mr.  Lankton's  point  was  interesting  on  the  un- 
desirability  of  having  two  types  of  motors,  one  to  meet  the 
50  per  cent,  operating  condition  and  one  to  meet  the  80  per 
cent,  operating  condition.  We  must  give  careful  judgment 
to  the  answer  of  such  a  question,  especially  when  we  are 
considering  the  desirability  of  having  a  standard  uniform 
motor,  even  though  in  certain  cases  you  get  away  with  the 
50  per  cent  operating  motor,  which  would  be  a  cheaper 
motor. 

On  the  difference  of  speed  as  affecting  the  difference 
in  cost,  I  did  not  touch  on  that,  as  you  already  have  a  pretty 
good  outline  on  the  effect  of  speed  in  relation  to  the  differ- 
ence in  cost.  The  price  hsts,  which  are  always  available, 
give  you  the  price  of  the  motors  in  relation  to  their  speed. 
That  is  a  subject  which  might  be  covered  more  in  detail  in 
a  paper  presented  by  some  other  author  on  information 
along  the  cost  line.  I  would  be  glad  to  contribute  to  such 
discussion. 

I  will  point  out  that  the  Power  Club,  an  organization  of 
motor  manufacturers  and  electrical  appliance  manufactur- 
ers has  already  taken  very  strenuous  steps  toward  stand- 
ardizing motor  speeds  and  tercv^eT^ture  as  far  as  possible. 
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Mr.  Behrens  referred  to  a  recent  case  where  shipment 
could  not  be  made  within  nine  months.  I  am  sure  that  you 
will  appreciate  that  no  one  regrets  this  condition  of  back- 
ward shipments  more  than  the  motor  manufacturers.  In 
several  cases  the  manufacturers  could  produce  that  motor 
in  practically  the  same  time  that  they  produced  it  a  year 
ago  in  their  factory,  due  to  the  fact  that  they  are  working 
night  shifts,  with  highly  efficient  methods,  etc.  The  whole 
trouble  is  in  getting  material  from  the  copper  people,  the 
insulator  people,  and  the  work  is  hampered  by  strikes  in 
iron  foundries.  After  waiting  three  months  on  a  promised 
shipment,  we  manufactured  the  motor  in  13  days  after  we 
received  the  last  material. 
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MECHANICAL  AND  ELECTRICAL  OPERATION  OF     » 
THE  HEROULT  ELECTRIC  ARC  FURNACE 


By  G.  W.  RICHARDSON 


Mr.  James  H.  Gray  of  the  United  States  Steel  Cor- 
poration, in  his  notes  on  Electric  Furnace  construction  and 
operation  in  a  steel  foundry,  says  that  as  a  simple  com- 
petitor of  coal  or  gas  in  furnishing  heats  for  steel  making 
process,  electricity  is  expensive.  The  electric  furnace 
however,  furnishes  a  means  of  producing  steel  under  con- 
ditions free  from  the  contamination  of  oxides,  and  there- 
fore makes  possible  chemical  reactions  and  metallurgical 
operations  that  cannot  be  realized  by  the  older  methods. 
In  the  arc-type  furnace,  the  heat  is  applied  by  an  arc  or  arcs 
playing  into  or  above  the  bath  and  in  this  type  of  furnace, 
the  slag  is  hotter  than  the  molten  metal  beneath  it,  that  is, 
by  keeping  the  slag  hot,  the  heat  induction  heats  the  metal. 

Therefore  the  construction  of  Heroult  Electric  Furn- 
aces that  our  company  builds  is  of  the  round  type  up  to 
3-ton  sizes,  and  the  6-ton  sizes  have  been  of  the  elliptical 
rolling  type,  but  we  are  now  building  6-ton  sizes  of  the 
round  type,  and  have  designs  out  for  up  to  15  and  20-ton 
furnaces  of  the  round  type.  The  round  type  in  my  opinion 
is.  and  would  be,  preferable. 

Fig.  1  shows  the  sectional  elevation  of  the  first  1-ton 
electric  furnace  that  we  built,  which  is  still  in  use  and  giv- 
ing very  good  results.  When  we  installed  this  furnace  we 
figured  to  get  heats  out  in  approximately  four  hours,  so 
that  we  only  installed  225-Kv-a.  capacity,  three  75-kv-a. 
transformers  2300-100  volts.  We  connected  the  transform- 
ers in  "Y"  primary  side  to  operate  on  a  2300-volt  service. 
The  secondary  connected  in  "Delta"  for  100  volts  at  the 
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terminals.  The  operators  of  this  furnace  soon  found  oat 
that  they  could  get  the  heats  out  quicker  by  usin?  more 
current,  so  they  operated  the  furnace  overload  up  to  300 
and  350  kv-a  and  are  doing  so  ever  since,  getting  out  from 
8  to  10  heats  per  day  of  24  hours.  This  experience  sood 
told  us  that  we  could  increase  the  capacity  of  all  the  fnin- 
aces  so  that  we  practically  doubled  up  the  kv-a.  capadtira. 
You  will  note  that  we  run  the  electric  cable  over  to  the 
diectrode  holders.  We  found  this  to  be  bad  practice,  so  we 
had  to  place  bus-bars  from  the  electrode  holders,  runnin; 


them  outside  of  the  furnace  mast,  then  connected  the  cables 
to  these  bus-bars,  which  gave  much  better  results.  We  use 
a  spur  and  worm  gearing  to  raise  and  lower  the  electrodes, 
arrangements  being  made  to  work  by  motor  or  by  hand- 
wheel.  The  hand-wheel  is  placed  for  emergency  in  case  the 
motor  would  become  defective.  The  operation  could  be  ac- 
complished by  hand  until  the  heat  was  finished,  when  re- 
j>airs  to  the  motor  could  be  made.     The  raising  and  lower- 
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ing  of  the  electrodes  is  done  by  steel  wire  rope,  one  end 
fastened  to  the  bracket  carrying  the  electrode  holders,  the 
other  end  run  over  a  sheave  and  fastened  to  the  drum. 
These  electrode  brackets  run  on  guides  and  so  braced  to 
keep  them  in  line  so  that  the  electrodes  slide  through  the 
copper  coolers,  and  through  the  roof.  These  electrode  hold- 
ercs  and  coolers  are  water-cooled. 

The  tilting  mechanism  is  shown  below.  The  motor 
geared  by  spur  gearing  to  a  worm  gear  which  in  turn  is 
geared  by  spur  gearing  to  the  crank  rod,  which  lifts  the 
furnace  and  load  up  at  one  end.  The  furnace  is  pivoted  at 
the  fulcrum  near  the  pouring  spout.  The  tilting  mechanism 
also  has  a  beam  which  carries  a  counterweight  made  up  of 
an  iron  box  filled  with  punchings  or  pig  iron.  This  counter- 
weight acts  to  take  off  part  of  the  starting  load  on  the  mo- 
tor, and  gives  easy  manipulation  of  the  tilting  mechanism, 
so  that  pouring  can  be  done  in  hand  ladles  if  so  desired. 
By  this  style  of  tilting  the  furnace  cannot  upset  It  will 
go  so  far  and  then  lower  again. 

Fig.  2,  shows  top  view  of  a  3-ton  furnace  with  a  door 
at  the  pouring  spout,  and  a  charging  door  on  both  sides. 
Also  shows  how  the  electrode  holders  are  made  and  fasten- 
ed. 

Fig.  3,  shows  detail  of  the  gear  train  and  machinery  for 
tilting. 

Fig.  4,  shows  the  Seede  automatic  electrode  regulators 
for  a  3-phase,  alternating  current  furnace.  The  top  panel 
shows  the  d-c.  shunt  contactors  for  operating  and  reversing 
the  direct  current  electrode  motors,  also  the  dynamic  brak- 
ing contactors.  The  center  panel  shows  the  three  contact- 
ing ammeters  which  regulate  the  electrode  motors  accord- 
ing to  the  amount  of  current  flowing.  These  contacting 
ammeters  have  small  lever  attached  to  the  plunger  of  a 
solenoid,  so  to  make  the  connections  for  the  shunt  coils  of 
the  armature  contactors.  The  setting  of  the  contactor  am- 
meters for  the  different  amounts  of  current  is  made  by 
small  hand-wheel  below.  This  cuts  in  or  out  different  lay- 
ers or  turns  on  the  solenoid.  These  contacting  ammeters 
are  enclosed  in  a  separate  case  and  after  they  are  adjusted 
for  the  furnace,  the  case  should  be  locked  so  that  no  one  can 
make  adjustments  he  thinks  sYvo\i\d  be  done,  without  notify- 
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instrument  board  to  permit  seeing  the  instruments  plainly. 

Fig.  6,  shows  the  wiring  diagram  of  the  electrode  mo- 
tors. 

Fig.  7,  shows  the  table  we  use,  giving  size  of  furnace 
kw-capacity,  amperes  per  phase,  etc. 

Fig,  8,  shows  a  6-ton  rolling  type  furnace  which  gives 
a  very  good  view  of  the  front  of  the  fumacs  including  the 
base.     You  will  note  also  the  switchboard  is  all  housed  in. 


Fig.  6 

which  keeps  the  dirt  and  dust  of  the  foundry  off  of  the  in- 
struments and  regulators. 

Fig.  9,  shows  back  view  of  furnace  under  construction. 
This  view  shows  the  electrode  motors  and  winch  mechanism 
and  water  pipe  system. 

Fig.  10,  shows  another  back  view,  showing  the  water 
hose,  etc 

Fig.  11,  shows  the  Thury  Regulator  for  electric  furn- 
aces.    A  small  motor  is  required  to  operate  this  reguVatAi 
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resistance  of  such  a  length  equalling  the  resistance  of  the 
joint. 

If  the  electrode  is  screwed  together,  without  any  com- 
pound in  the  joint,  the  added  resistance  due  to  the  joint 
is  equivalent  to  between  20  to  23  inches  of  electrode. 

One  of  the  compounds  which  is  very  commonly  used  is 
made  up  of  natural  graphite,  and  it  is  mixed  with  molasses 
or  perhaps  glucose  or  some  binding  material  of  that  kind, 
which,  when  it  bums  out,  leaves  a  carbonaceous  residue. 
That  compound  reduces  the  joint  resistance  from  20  to  23 
down  to  12  or  15  inches,  but  still  the  resistance  is  sufficient- 
ly high  so  that  the  joint  heats  up. 

All  of  these  compounds  have  a  graphite-base  material 
and  the  best  compound  we  have  ever  found  gave  between  2 
and  6  inches  equivalent  resistance  in  the  joint.  With  such 
a  compound  the  electrode  will  run  at  25  to  40  amperes  per 
square  inch  and  the  joint  Avill  run  below  red  heat. 

Another  thing  which  is  very  important  in  making  up 
electrode  joints,  is  that  the  compound,  and  the  amount  used, 
must  be  such,  that  when  the  joint  is  screwed  together,  the 
layer  of  compound  will  be  sufficiently  thin  so  that  it  will  not 
jar  out  when  the  electrode  vibrates  in  the  furnace.  About 
one-eighth  inch  seems  to  be  the  best  thickness  for  the  lay- 
er of  compound. 

It  is  evident  that  if  you  have  a  thick  layer  of  com- 
pound part  of  which  jars  out  when  the  electrode  is  in  use, 
a  space  is  left.  When  the  electrode  is  tilted  at  an  angle  due 
to  the  tilting  of  the  furnace  in  pouring,  the  entire  stress  is 
thrown  in  the  pin  itself,  instead  of  being  taken  up  in  thrust 
on  the  face  of  the  upper  section.  As  the  electrodes  them- 
selves have  a  strength  in  tension  of  about  700  or  800  lbs. 
per  sq.  in.,  at  an  angle  of  45  deg.,  the  total  stress  may  ex- 
ceed the  strength  of  the  pin  and  cause  breakage. 

One  point  brought  up  at  a  previous  meeting  pertained 
to  the  strength  of  an  electrode  when  heated,  as  compared 
with  the  strength  when  cold.  Our  work  on  this  question  is 
not  complete  at  the  present  time,  but  we  find  in  general, 
that  the  reduction  in  strength  amounts  to  only  15  or  20 
per  cent. 

Walter  Greenwood:  The  very  interesting  paper  under 
discussion  is  limited  almost  entirely  to  descriptioiv  ol  ^otv- 
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or  design,  be  under  perfect  control  but  the  time  factor  may 
not,  in  which  case  results  are  not  always  as  desired.  Tlie 
only  method  for  correcting  such  failure  lies  in  heat  treat- 
ment and  it  is  an  admitted  fact  there  is  no  way  of  disting- 
uishing between  the  material  that  needs  heat  treatment  and 
that  which  does  not.  Although  we  may  never  arrive  at  that 
stage  of  development  where  heat  treatment  should  be  dis- 
pensed with,  the  correction  it  is  required  to  make  might  be 
reduced  to  a  very  low  point. 

Experience  and  reasoning  have  led  us  to  the  conclusion 
that  temperature  is  a  factor  that  must  be  perfectly  control- 
led to  make  good  steel ;  that  casting  must  be  done  with  the 
temperature  at  or  near  the  lowest  point  where  the  metal 
will  flow.  For  many  reasons,  they  cannot  be  given  in  de- 
tail here,  this  control  is  not  uniformly  maintained  in  the  Bes- 
semer or  open  hearth  processes  though  it  is  more  nearly  pos- 
sible to  maintain  it  in  the  Bessemer.  It  seems  as  though 
the  electric  furnace  could  solve  this  problem  of  perfect  tem- 
perature control  and  if  the  claims  made  for  it  are  true,  it 
has.  The  chemical  composition  predetermined,  the  temper- 
ature under  absolute  control,  the  time  limit  cared  for  and  we 
have  a  near  approach  to  positive  methods  from  start  to  time 
for  casting.  The  missing  link  in  a  positive  process  from 
start  to  finish  is  the  matter  of  controlling  temperature  while 
casting  large  quantities  of  steel,  where  the  time  consumed 
in  pouring  is  considerable  and  more  or  less  variable.  This 
is  a  problem  that  can  be  worked  out.  If  no  other  method 
can  be  found  the  pouring  can  be  done  direct  from  the  refin- 
ing furnace. 

Another  statement  attributed  to  Mr.  Gray,  concerning 
competition  Avith  coal  or  gas,  will  bear  consideration.  A 
matter  that  has  not  received  the  consideration  it  seems  to 
deserve  in  the  discussion  of  electric  furnaces  by  this  asso- 
ciation is  the  cost  of  producing  steel,  especially  where  waste- 
fuel  from  blast  furnaces  is  utilized.  The  limit  set  for  this 
discussion  prevents  dealing  with  this  cost  question  very 
fully  but  investigation  leads  us  to  think  no  one  is  justified 
in  saying  that  electric  current  is  too  expensive  to  admit  of 
competition  with  coal  or  gas  for  performing  a  part  of  the 
converting  process  in  making  steel.  Among  the  items  that 
should  be  considered  are  enhanced  value  of  product,  saving 
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years  thinking  it  over,  to  explain  how  or  why,  but  certainly  the  point 
you  mentioned  of  temperature  control  will  prove  most  important  and 
the  electric  furnace  apparently  secures  a  more  perfect  control  than 
either  the  Bessemer  or  open-hearth,  without  exposure  of  the  material 
to  the  action  of  gases  of  combustion,  without  a  great  absorption  of 
gases  by  the  metal  resulting  therefrom,  which  gases  in  their  subse- 
quent occlusion  by  the  metal  during  the  process  of  cooling  are  thought 
to  be  responsible  for  the  occurrence  of  blowholes  in  the  metal. 

My  own  feeling,  after  reading  your  paper,  is  that  you  are  under- 
stating the  case  of  the  electric  furnace." 

Frank  H.  Kittredge:  I  would  like  to  ask  Mr.  Richard- 
son what  the  best  operating  voltage  is,  according  to  his  best 
experience,  and  also  what  style  of  electrode,  graphite,  or 
compound,  is  considered  best. 

Charles  A.  Menk :  I  might  add  that  we  had  an  electric 
furnace,  probably  under  peculiar  conditions,  and  it  operated 
for  about  a  year  and  a  half.  In  the  first  place,  the  idea  was 
to  build  a  furnace  to  melt  the  stock  by  gas,  and  then  refine 
it  by  the  electric  arc  You  can  see  right  there  where  we 
were  going  to  run  into  difficulties.  They  wanted  a  furnace 
with  a  capacity  of  20  tons,  and  there  are  very  few  20-ton 
furnaces  in  operation. 

You  understand  we  have  a  few  open  hearth  furnaces — 
something  like  sixty-four — and  an  electric  furnace  of  20-ton 
capacity  among  all  those  furnaces  was  like  the  tail-light  on 
an  automobile.  The  open  hearth  department  really  did  not 
take  any  more  stock  in  it  than  if  it  never  had  one,  con- 
sequently the  electric  furnace  was  neglected  a  great  deal, 
until  finally  it  was  decided  to  find  out  if  there  was  anything 
in  the  electric  furnace  and  then  it  was  put  under  such  man- 
agement for  test  and  for  detail  work,  and  finally  it  was  de- 
cided to  eliminate  the  electrical  part  of  it,  but  still  operate 
it  as  a  gas  furnace.  As  the  furnace  was  located  in  the 
foundry,  we  found  it  very  convenient  for  foundry  work. 

Another  thing  I  might  mention  that  probably  helped 
to  harm  and  discredit  the  electric  furnace  was  the  com- 
plications that  existed  in  keeping  the  records  and  keeping 
the  steel  separate.  That  is  all  right  in  the  case  of  a  small 
steel  plant  so  fixed  that  it  can  be  done,  but  where,  say, 
thousands  of  tons  of  other  steel  are  made  to  one  ton  of 
electric  furnace  steel,  it  is  quite  an  item  to  fcaep  tYv^.\,  ^^'^^ 
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small  furnace  the  electrodes  are  more  confined  and  not  ex- 
posed to  the  air  while  tapping.  Also,  quite  frequently,  when 
the  electrode  cools,  the  bottom  part  breaks  off. 

Another  thing  which  I  believe  just  as  important  as 
anything  else  about  the  electric  furnace  is  the  threading  of 
the  electrode.  If  you  do  not  buy  them  threaded  you  must 
do  that  work  yourself,  and  any  one  who  never  had  any  ex- 
perience in  threading  electrodes  will  get  plenty  of  it  when 
he  starts.  We  went  at  it  very  thoroughly,  indeed,  we  work- 
ed with  the  National  Carbon  Company  and  several  others, 
and  had  a  great  deal  of  hard  work  to  get  a  good  thread  on 
an  electrode. 

I  agree  with  all  that  has  been  said  as  to  placing  the 
transformer  just  as  close  to  the  furnace  as  possible,  and  be 
safe,  cutting  down  the  connections,  and  doing  it  just  as 
simply  as  possible,  because  around  an  electric  furnace  com- 
plications are  not  desirable. 

I  might  say  that  our  furnace,  working  as  an  open- 
hearth  furnace,  is  giving  us  ideal  satisfaction,  because  I 
really  believe  it  was  designed  and  built  by  engineers  that 
had  been  working  on  open  hearth  furnaces  for  years.  They 
had  that  object  in  view,  that  the  electrical  end  of  it  would 
be  a  simple  detail,  and  that  it  would  work  out  itself. 

David  B.  Rushmore:  There  are  two  points  which 
should  be  brought  to  your  attention  in  connection  with  the 
electric  furnace,  the  scope  of  which  is  so  large  that  a  dis- 
cussion of  the  matter  presented  in  the  paper  this  morning 
is  practically  necessary.  Electric  furnaces  are  coming, 
and  coming  rapidly,  and  those  familiar  with  the  manufac- 
ture of  steel  are  anticipating  that  a  very  large  part  of  the 
steel  in  the  future  will  be  put  through  the  electric  furnace, 
because  the  gain  in  the  quality  of  steel  much  more  than  out- 
balances the  cost. 

Like  a  great  many  other  applications  of  machinery  and 
of  electricity,  the  successful  outcome  of  these  installations 
and  operations  is  the  result  of  care  and  detail,  and  the 
American  Bridge  Company  and  the  United  States  Steel  Cor- 
poration have  both  been  handling  this  matter  very  wisely, 
with  a  great  deal  of  care  and  study,  and  those  who  are  think- 
ing of  installing  and  erecting  furnaces  would  do  very  well, 
before  they  decide  upon  the  exact  location  ol  lunv^icft^,  \x^tl^- 
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electrode  and  to  work  with  the  highest  possible  energy  in- 
put. 

All  installations  have,  as  a  rule,  been  designed  for 
certain  energy  inputs,  and  that  brings  us  to  the  question  of 
design  of  the  installation,  and  also  the  desirable  amount  of 
reactance,  both  in  the  installation  and  in  the  step-down 
transformers,  and  the  decision  regarding  the  amount  of  re- 
actance is,  like  most  engineering  questions,  a  question  of 
compromise.  It  has  its  desirable  features  and  its  undesirable 
features.  As  far  as  the  operation  of  the  furnace  is  concern- 
ed, high  reactance  is  desirable.  Those  of  you  who  rememb- 
er the  operation  of  the  old  arc  lamp  will  remembw  that  it 
was  absolutely  inoperative  without  a  certain  amount  of  re- 
actance to  steady  the  arc.  The  fact  that  the  current  across 
the  arc  increases  with  a  decrease  in  voltage,  that  is,  as 
you  increase  the  current  across  the  electrodes,  the  voltage 
between  the  electrodes  drops,  makes  the  arc  essentially  un- 
stable, so  that  if  you  have  very  low  reactance  between  the 
generating  apparatus  and  the  furnace,  in  melting  over  cold 
scrap,  you  simply  have  an  alternation  between  open-circuit 
and  short-circuit,  which  makes  very  violent  fluctuations,  and 
as  a  rule,  rather  unsatisfactory  conditions. 

As  this  reactance  is  increased,  the  arc  becomes  more 
stable,  and  the  operation  of  the  furnace  itself  more  satis- 
factory. The  increase  in  reactance,  whether  in  the  trans- 
former or  in  the  installation,  is  a  very  great  safeguard 
jigainst  interruptions  and  the  disturbances  that  may  come. 
A  great  many  of  these  installations  are  in  a  place  where  the 
chain  of  a  crane  coming  through  easily  short-circuits  the 
transformer  in  dropping  on  the  low-tension  connections,  and 
while  that  has  not  happened  up  to  date  it  does  not  mean  it 
is  not  one  of  the  accidents  to  be  guarded  against. 

A  high  reactance  in  the  installation  is  desirable  for 
operation  of  the  furnace  itself,  it  is  desirable  as  a  safe- 
guard against  internal  destruction  of  the  transformer  by 
breaking  down  of  the  wiring  of  the  apparatus,  and  it  is  also 
desirable  as  a  protection  against  surges,  or  whether  in  un- 
balanced single-phase  installations  or  more  or  less  balanced 
three-phase  installations,  going  back  on  the  line,  and  to  a 
greater  or  minor  degree  affecting  conditions  of  the  circuit 
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im  chimney  effect  and  best  possible  cooling  conditions. 
f  experience  is  that  the  best  results  are  had  by  using 
-in.  bar,  comparatively  wide — say  6  inches — and  I  find  it 
Jl  to  space  the  bars  at  least  %-in.  apart.  I  have  been 
indering  if  Mr.  Richardson's  standards  were  simply  ad- 
ted  because  he  had  to  adopt  a  standard,  or  whether  they 
B  based  on  some  particular  experience  he  has  had. 

W.  T.  Snyder:  It  seems  to  me  the  time  has  come  when 
is  Association  should  have  a  Committee  on  the  electric 
mace,  a  committee  made  up  similar  to  our  Central  Station 
»wer  Committee,  with  representatives  of  the  electrical  f  ur- 
ce  people  and  steel-mill  engineers  on  the  Committee,  to 
How  the  development  of  the  electric  furnace,  the  trend 
which  is  plainly  evident  by  the  large  number  of  electric 
maces  that  have  been  built  during  the  past  year. 

T.  E.  Tynes:  I  have  a  few  questions  I  want  to  ask. 
me  have  already  been  asked  by  other  speakers.  One  of 
em  is  how  much  clearance  they  allow  where  the  electrode 
sses  down  through  the  roof?  Another  is  do  they  pull 
ese  carbons  out  when  they  iwur,  or  are  they  left  in?  If 
ey  are  left  in,  how  do  they  take  care  of  the  weight  of  the 
rbon  at  an  angle,  and  the  other  question  is  where  the 
ntninals  are  clamped  on  to  the  carbon,  what  means  or  me- 
od  is  used  for  fastening  them  on.  The  question  of  heat- 
?  of  the  joint  has  already  been  taken  care  of  in  one  of  the 
estions  of  another  speaker. 

George  W.  Richardson:  The  object  of  bringing  in  this 
scriptive  matter  of  the  furnace,  as  contained  in  my  paper, 
is  for  the  purpose  of  bringing  out  the  discussion  that  has 
ready  been  had  today.  I  will  say,  offhand,  that  the  fur- 
ces  have  been  handed  over  to  us  to  build,  and  that  is  all 
5  know  about  the  furnace.  We  do  not  have  a  furnace  at 
r  plant  in  operation,  and  we  have  no  way  of  studying  it. 
ice  in  a  while  we  are  likely  to  get  out  and  see  a  furnace 
we  are  in  the  neighborhood.  As  I  say,  my  experience  of 
itching  the  operation  of  the  furnace  has  been  limited.  I 
tve  not  had,  practically  speaking,  any  experience  on  that 
int.  The  object  of  the  paper  was  to  bring  out  some 
ints  here  that  perhaps  will  help  us  along  further  on. 

I  think  the  questions  asked  by  Mr.  Kittredge  has  been 
iswered  by  some  of  the  other  speakers.    I  could  not  tell 
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position  again,  and  the  holders  will  last  much  longer  than 
they  do  today,  and  I  believe  you  will  find  it  necessary  to 
have  the  holders  water-cooled  to  keep  them  in  that  condi- 
tion. 

In  regard  to  the  size  of  the  bus-bar  that  we  made,  I  do 
not  know  that  there  is  a  particular  reason  why  we  should 
use  ^-in.  bus-4>ar,  except  that  we  had  some  of  that  size  in 
our  shop  at  the  time,  when  we  wanted  to  install  the  bus  bars 
on  the  first  furnace.  We  started  in  to  use  them,  especially 
in  making  the  delta  connections  from  the  transformers,  and 
we  continued  using  them,  and  that  is  about  the  whole  thing. 
We  did  not  want  to  go  any  heavier  than  that,  although  we 
were  asked  to  go  heavier,  they  wanted  us  to  use  i^-in.  cop- 
per, but  we  objected  to  it,  and  we  told  them  the  thinner  the 
copi)er  the  better  the  bars  would  be,  especially  the  Ys-iiL 
copper  bars  would  be  much  better. 

Some  time  after  that  we  were  asked  to  go  to  2,000,000 
cir.  mils  or  higher  in  all  of  our  cables.  I  objected  to  that, 
an  account  of  both  the  reactance  and  the  flexibility  of  the 
cable.  In  my  opinion,  something  on  the  order  of  Mr.  Hen- 
derson's ^-in.  copper  bar,  6-in  wide,  will  give  better  re- 
sults, with  a  larger  air  space.  We  make  the  l^-in.  air  space 
more  particularly  because  we  wanted  some  space. 

As  I  said,  we  brought  up  these  subjects  so  that  the  dis- 
cussion will  benefit  us  in  designing  our  furnace  and  the 
apparatus  which  goes  with  the  furnace. 

T.  E.  Tynes:  In  one  of  your  pictures  on  the  screen 
you  show  a  big  fulcrum  near  the  spout.  Did  that  leave  en- 
ough room  to  get  in  a  ladle  which  would  lake  the  capacity  of 
the  furnace  ?  In  the  paper  you  show  a  lighter  type  of  furn- 
ace with  rolling  trucks.     Which  is  your  practice  now? 

George  W.  Richardson:  Our  practice  is  to  have  the 
spout,  with  the  fulcrum  near  the  spout,  and  the  foundations 
are  cut  away  so  that  it  allows  the  ladle  to  go  under  the  spout. 
We  think  that  type  will  give  better  results  than  the  rolling 
type,  unless  we  go  away  up  in  the  15-ton  size,  and  that  has 
not  yet  been  decided,  whether  that  will  be  of  that  rolling 
type  or  the  lift  type  as  I  show  in  the  small  furnace. 

In  reference  to  the  carbon  or  electrode  joints,  I  know 
very  little  about  it,  but  one  of  our  customers  came  in  to 
see  me  the  other  day,  and  he  made  mention  of  their  trying 
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DESIGN  OF  STRUCTURES  FOR  STEEL  WORKS 


By  CHARLES  A.  RANDORF 


The  structures  for  a  modem  steel  works  are  of  many 
kinds,  including  buildings  of  various  types,  gantry  cranes, 
unloading  and  re-loading  bridges  for  handling  ore,  all  of 
which  cannot  be  adequately  discussed  in  a  single  paper; 
therefore,  the  writer  has  selected  for  discussion  what  is  con- 
sidered as  one  of  the  most  important  structures,  the  Open 
Hearth  Furnace  building,  which  requires  special  care  in  de- 
sign on  account  of  the  exceptionally  heavy  work  performed 
in  a  building  of  this  kind.  Also  the  importance  of  space 
needs  to  be  considered  in  the  design. 

It  is  the  writer's  purpose  to  bring  out  in  this  paper  the 
fundamental  principles  to  be  observed  and  not  to  discuss  to 
any  length  the  technical  side  of  the  question. 

The  open  hearth  furnace  building  is  divided  into  two  bays 
or  crane  runways.  The  furnaces  are  placed  near  the  center 
of  the  building  to  enable  the  overhead  cranes  in  each  run- 
way to  serve  their  respective  sides. 

The  two  divisions  of  the  building  are  usually  termed  the 
"pouring"  side  and  the  "charging"  side.  On  the  charging 
side  of  the  building,  there  is  a  floor  at  a  proper  elevation 
above  the  ground  level  to  clear  the  checker  chambers  of  the 
furnaces  and  to  accommodate  the  charging  machines  and 
charging  box  cars.  It  is  upon  this  floor  that  all  of  the  ma- 
terials to  be  charged  into  the  furnaces  are  handled. 

On  the  pouring  side  of  the  building  the  work  consists 
chiefly  of  tapping  from  the  furnace  into  the  ladles,  and  pour- 
ing from  the  ladles  into  the  ingot  moulds.  There  is  a  con- 
tinuous platform  along  the  side  of  the  building  for  the  ac- 
commodation of  the  workmen,  who  attend  to  the  pouring 
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The  tilting  open  hearth  furnace,  on  account  of  its  move- 
ment and  also  for  economy  of  space,  will  not  permit  close 
column  spacing  through  the  center  of  the  building  (Fig.  1). 
The  purpose  of  the  center  row  of  columns  is  to  support  the 
two  adjacent  lines  of  crane  girders,  and  in  some  designs 
these  columns  are  utiUzed  in  supporting  the  center  of  the 
roof,  thereby  reducing  the  span  of  the  roof  trusses.  How- 
ever, the  advisability  of  supporting  a  roof  truss  at  three 
points  is  questionable,  even  though  the  theorum  of  three 
moments  may  be  applied  in  determining  the  forces  acting 
upon  the  truss. 

There  was  recently  designed  and  erected  a  building  at 
the  plant  of  the  Lackawanna  Steel  Co.,  at  Buffalo,  in  which 
the  center  row  of  columns  is  spaced  110  feet  0  in.  between 
centers,  which  are  at  points  between  furnaces  (Fig.  1)  and 
the  roof  trusses  span  the  entire  width  of  the  building,  a  dis- 
tance of  124  feet  0  in.  This  building  is  particularly  adapted 
to  the  tilting  open  hearth  furnace.  By  having  the  roof 
truss  span  the  entire  width  of  the  building  avoided  carrying 
practically  50%  of  the  roof  load  on  the  center  columns. 
This  would  mean  either  to  use  longitudinal  trusses  between 
the  columns  or  support  the  roof  trusses  on  the  crane  girders. 
This  is  not  desirable  as  heavy  vibrations  would  be  trans- 
ferred directly  to  the  roof,  due  to  the  moving  cranes  below. 
Furthermore,  by  avoiding  this  condition,  we  believed  that 
danger  to  the  building  was  lessened  inasmuch  as  occasionally 
the  roof  of  a  furnace  will  collapse,  subjecting  the  steel  fram- 
ing directly  above  to  an  intense  heat,  and  even  though  the 
crane  runway  girders  were  endangered,  the  roof  would  be 
comparatively  safe.  The  crane  runway  girders  are  protected 
at  points  over  the  furnace  by  steel  shields,  which  are  sus 
pended  below  the  bottom  chords.  The  roof  trusses  are  brac- 
ed in  pairs  or  bents  in  the  planes  of  the  top  and  bottom 
chords.  Also  vertical  bracing  is  used  between  top  and  bot- 
tom chords  at  points  directly  below  the  monitor  posts  and 
through  the  center  of  the  building. 

All  of  the  above  mentioned  bracing  consists  of  rods 
which  are  made  adjustable  by  clevis  nuts  and  turnbuckles, 
except  in  the  plane  of  the  bottom  chords,  which  consists  of 
angles  rigidly  connected  to  the  trusses.  The  function  of 
this  bottom  chord  bracing,  in  addition  to  keeping  \)ci^  ^\stv- 
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fastened  rigidly  to  the  outer  row  of  girders  with  cast  iron 
clips,  but  the  rails  on  the  center  runway  girders  are  allowed 
to  slide  transversely  by  providing  a  clearance  of  one-half 
inch  between  base  of  rail  and  clip.  This  is  to  prevent  bind- 
ing of  the  wheel  treads  on  the  head  of  the  rail,  due  to  possi- 
ble variation  in  the  gage  of  the  runway. 

The  columns  supporting  the  roof  trusses  and  crane-run- 
way are  of  plate  and  angle  construction,  (Fig.  2)  and  are 
connected  by  extending  the  web  of  the  building  column  to 
the  web  of  the  crane  column  which  are  at  right  angles.  This 
makes  a  very  rigid  section  and  is  necessary  in  large  struc- 
tures as  the  case  at  hand.  The  bending  stress  due  to  crane 
and  wind  load  is  considerable^  The  cranes  are  supported  on 
girders  52-ft.  l^^-in.  above  the  base  of  the  columns  and  the 
building  is  nearly  70-f t.  0-in.  from  base  of  columns  to  bot- 
tom chord  of  truss. 

The  actual  amount  of  horizontal  force  produced  on  the 
building  by  an  overhead  crane  in  both  the  longitudinal  and 
transverse  direction  is  a  problem  rather  difficult  to  solve, 
much  depending  upon  the  type  of  electrical  control.  The 
automatic  control  tends  to  more  uniform  acceleration,  there- 
by reducing  the  shock  and  lessening  the  vibration.  Also 
the  skill  and  care  of  the  crane  operator  are  important,  as  the 
operator  at  times,  under  rush  of  work,  spares  neither  crane 
nor  building,  therefore,  it  is  necessary  to  be  conservative  in 
allowing  for  this  factor  in  the  design. 

Some  of  the  crane  builders  specify  that  a  building  or 
runway  should  withstand  a  horizontal  force  equal  to  25% 
of  the  lifting  capacity  of  the  crane,  but  in  the  case  of  a  crane 
handling  a  heavy  ladle  full  of  hot  metal,  the  movement  of 
the  crane  is  very  slow.  The  action  of  the  crane  when  mov- 
ing about  hght,  seems  to  be  the  condition  to  consider.  In 
designing  this  building,  the  total  weight  of  the  crane  trolley 
acting  in  a  transverse  direction  and  the  total  weight  of  the 
crane  acting  in  a  longitudinal  direction  were  used  as  a  basis. 

In  the  analysis  of  stresses  for  the  complete  bent  of  the 
building  (Fig.  3)  i.  e.  the  roof  truss  and  columns,  the  writer 
wishes  to  call  attention  to  the  anchorage  at  the  base  of  the 
column,  which  is  of  considerable  importance,  as  over  60% 
of  the  entire  bending  moment  in  the  bent  is  resisted  at  the 
base  of  column  at  which  point  ample  anchorage  aTidL\ie«rvTk^ 
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These  girders  are  provided  near  each  end  and  at  the  center 
of  each  runway. 

The  floor  on  the  charging  side  is  designed  for  a  load  of 
500  lbs.  per  sq.  ft.,  exclusive  of  the  weight  of  the  floor,  and 
wherever  possible  the  main  girders  are  placed  at  points  be- 
low the  rails  carrying  heavy  wheel  loads,  such  as  the  charg- 
ing machine  with  a  wheel  load  of  50,000  lbs.,  and  also  an 
80,000-lb.  ladle  car,  as  well  as  a  locomotive  and  four  or  five 
cars  loaded  with  material.  It  is  to  be  noted  that  the  charg- 
ing floor  is  connected  with  the  yard  level  by  means  of  an  in- 
cline trestle,  making  it  possible  to  haul  all  materials  directly 
to  the  furnaces,  including  scrap  iron,  stone,  and  hot  metal 
from  the  blast  furnaces. 

The  floor  plates  are  i/^-in.  thick,  and  supported  by 
beams  2-ft.  6-in.  centers.  The  floor  near  the  furnaces  is 
covered  with  a  layer  of  brick,  to  protect  the  floor  from  be- 
ing burned  by  the  accidental  spilling  of  hot  metal. 

In  the  writer's  opinion  the  entire  surface  of  a.  charging 
floor  should  be  covered  with  brick,  as  accidents  noted  above 
frequently  occur,  other  than  in  the  vicinity  of  the  furnaces. 

Particular  attention  is  called  to  the  importance  of  utiliz- 
ing space  in  a  structure  of  this  kind.  The  ideal  knee  brace 
as  used  in  connection  with  the  roof  truss,  should  be  45"  from 
the  horizontal,  but  on  account  of  the  necessity  of  having  a 
maximum  travel  for  the  crane  trolley,  the  knee  braces  are 
as  a  rule  flatter,  thereby  giving  all  the  available  space  pos- 
sible to  the  travel  of  the  crane. 

A  platform  for  the  convenience  and  safety  of  the  crane 
operators  is  provided  continuously  along:  the  side  of  the 
building.  This  platform  is  level  with  the  floor  of  the  crane 
operator's  cage.  This  is  to  allow  the  operator  to  step  direct- 
ly from  the  cage  to  the  platform  at  any  point  along  the  run- 
way. 

The  ventilation  feature  of  the  building  is  rather  simple, 
consisting  of  the  usual  louvre  type  of  monitor  so  frequent 
on  mill  buildings.  The  dimensions  of  the  monitor  are  great- 
er than  the  average,  the  width  being  41-feet,  and  the  height 
12-feet  from  base  of  monitor  posts  to  bottom  chord  of  moni- 
tor truss. 

Steel  shutters  are  used  on  the  sides  of  the  buildings  in- 
stead of  glass  windows  owing  to  difficulty  oi  V^e^m^  \)w^ 
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S.  C.  Coey:  There  is  one  question  I  would  like  to  ask 
Mr.  Randorf .  I  notice  he  states  that  no  expansion  was  pro- 
vided for  in  the  length  of  this  runway  and  that  the  length 
was  1038  feet.  I  would  like  to  know  if  the  building  is  in 
operation  now,  and  whether  they  have  experienced  any 
trouble  due  to  expansion  in  that  length.  It  would  seem  to 
me  that  on  a  runway  of  that  length  there  should  be  at  least 
two  or  three  expansion  joints  provided  in  the  open-hearth 
building,  such  as  described  here. 

C.  A.  Randorf : .  We  have  two  open  hearth  plants. 
Open  hearth  plant  No.  1  was  erected  about  10  years  ago. 
We  provided  for  expansion  in  the  furnace  building  of  this 
plant,  and  have  since  found  a  considerable  movement  and 
vibration  in  the  structure  due  to  the  traveling  cranes. 

In  designing  our  open  hearth  No.  2  structure,  no  pro- 
vision was  made  for  expansion.  We  believed  that  having 
the  entire  building  act  as  a  unit  in  resisting  external  forces 
would  be  an  improvement. 

S.  C.  Coey:    Is  the  building  in  operation? 

C.  A.  Randorf:     Yes,  it  has  been  in  use  for  three  years. 

S.  C.  Coey:     No  trouble? 

C.  A.  Randorf:  No.  It  is  in  an  excellent  condition. 
We  did  allow  for  expansion  in  the  bottom  chords  of  the 
heavy  crane-runway  girders.  To  avoid  secondary  stresses, 
slotted  hole  connections  were  provided  at  one  end  of  each 
girder. 

Robert  J.  Young :  We  have  all  appreciated  the  splendid 
paper  prepared  by  Mr.  Randorf,  and  it  is  especially  gratify- 
ing to  the  Safety  Engineer  to  see  the  care  that  is  being  tak- 
en in  the  designing  and  laying  out  of  modem  mill  buildings, 
as  the  tendency  now  is  to  provide  ample  strength  in  the 
structure  to  withstand  the  vibrations  due  to  the  operation 
of  heavy  machinery,  and  ample  space  in  which  to  do  the 
work  safely. 

The  platform  provided  along  the  side  of  the  building 
under  discussion,  for  the  safety  of  the  cranemen,  has  prov- 
ed itself  to  be  a  very  important  safety  feature.  We  have 
found  it  important  to  add  to  this  precaution,  means  for  the 
escape  of  the  men  working  on  the  pouring  platforms,  espe- 
cially where  the  platforms  are  quite  high  and  long.  This 
protection  consists  of  one  or  more  lean-tos  along  the  back 
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he  can  find  them  when  needed.  In  laying  out  such  an  in- 
stallation in  an  open  hearth  building,  we  have  found  it  con- 
venient to  place  two  or  more  long  narrow  buildings  on  the 
charging  floor  and  a  couple  of  similar  buildings  on  the  pit 
side  just  outside  of  the  building  proper.  These  buildings 
contain  lockers,  toilets,  wash  rooms,  showers  and  benches. 
Buildings  on  the  outside  are  provided  with  what  might  be 
called  sun  porches,  i.  e.,  the  rest  rooms  are  on  the  ends  of 
the  buildings  and  are  so  constructed  that  they  may  be  en- 
closed with  glass  in  the  winter. 

There  is  no  argument  now  against  the  advisability  of 
providing  pleasant  and  comfortable  surroundings  where  men 
work,  and  it  has  been  proven  that  such  provisions  are  valu- 
able both  from  a  safety  and  an  operating  standpoint. 

A.  G.  Place :  I  ask  Mr.  Bandorf  if  there  is  much  move- 
ment noticed  on  the  center  runway  where  the  rail  clips  are 
spaced  half  inch  clearance,  and  whether  this  movement  is 
noticed  when  the  seasons  change,  as  spring  and  fall. 

W.  T,  Snyder:  It  has  been  our  experience  that  the  roil 
clamp  with  a  single  bolt  to  hold  it  is  hard  to  keep  tight.  In 
the  design  of  new  buildings  that  is  an  important  point,  the 
crane  rail  should  be  held  down  with  a  clamp  having  two 
bolts. 

T.  E.  Tynes:  I  do  not  think  that  we  electrical  engin- 
eers always  appreciate  the  difficulties  that  the  structural 
engineer  is  compelled  to  face  in  the  design  of  buildings  in 
which  to  house  and  utilize  our  equipment.  The  practice  of 
his  profession  may  tell  him  what  is  the  best  place  to  put  a 
certain  column  for  economy  of  material  or  to  take  care  of 
stresses,  but  owing  to  the  fact  that  a  tilting  furnace  or  a 
standard  open  hearth  furnace,  has  to  go  there,  he  is  not  al- 
lowed to  place  the  column  there,  and  consequently  he  must 
take  care  of  the  additional  space  where  the  column  is  re- 
moved by  increasing  the  trusses  involving  heavier  construc- 
tion, and  that  is  the  condition  which  was  met  with  in  this 
plant. 

At  the  bottom  of  the  fourth  page  of  the  paper,  refer- 
ence is  made  to  the  fact  of  the  span  being  110-ft.  0-in.  and 
weight  approximately  115  tons  each.  I  think  that  is  prob- 
ably one  of  the  heaviest  spans  of  this  nature  that  has  ever 
been  constructed  in  an  open  hearth  building  and  tpreat  cax^ 


DISCUSSION:    DESIGN  OF  STRUCTURES  441 

necessary.  It  used  to  be  necessary  to  keep  the  men  down 
low,  with  the  ladle,  so  that  they  could  see  what  they  were 
doin^r  when  pouring.  That  is  not  so  necessary  today,  as  I 
believe  the  practice  today  is  to  use  pouring  boxes  and  the 
man  on  the  crane  does  not  have  to  spot  the  mold  so  accur- 
ately as  previously.  I  believe  the  cage  could  be  put  out  in 
the  middle  of  the  crane,  and  wall  cranes  used  on  both  sides 
of  the  pits,  so  that  they  could  not  only  do  the  light  work 
over  the  moulds  but  also  the  light  work  for  the  furnaces 
themselves  and  save  the  bridge  movement  in  many  cases. 

C  A.  Menk :  We  have  not  erected  many  new  buildings 
in  the  past  few  years.  We  pay  particular  attention  to  saf- 
ety. We  believe  in  designing  buildings  that  there  is  one  im- 
portant feature  which  should  be  taken  into  consideration, 
and  that  is  the  feasibility  of  making  arrangements  so  that 
the  men  can  go  up  on  the  crane  runways  to  make  repairs 
to  the  crane. 

We  have  erected  one  building  in  the  last  eighteen 
months,  in  which  provision  was  made  for  all  repair  work 
to  cranes  by  putting  foot-walks  along  the  girders  in  be- 
tween the  columns  on  the  sheet-iron  side.  In  the  mill  they 
put  in  plates  between  the  girders  and  between  the  charging 
floor  of  the  main  building,  and  we  see  the  great  improvement 
in  having  these  provisions  arranged  on  new  buildings.  It 
makes  it  convenient  for  the  crane  men  and  repair  men  in 
going  to  their  duties. 

Another  thing  which  I  believe  should  be  done  in  design- 
ing buildings  is  to  take  care  of  heavy  repairs.  Some  years 
ago  we  made  provision  in  the  open  hearth  building  for  15- 
ton  runways  over  ladle  cranes.  I  am  safe  in  saying  that  the 
erection  of  the  crane  almost  paid  for  the  additional  struc- 
ture. 

I  think  that  is  a  very  important  piece  of  work.  I  think 
where  you  have  large  cranes,  up  as  high  as  175-ton  ladle 
cranes,  these  parts  of  the  cranes  are  all  massive,  and  heavy. 
It  is  important,  therefore,  that  the  other  structures  should 
be  built  to  take  care  of  these  parts. 

I  think  it  is  very  imjwrtant  to  know  what  you  have  to 
handle  when  you  are  designing  the  building,  more  partic- 
ularly a  building  for  open  hearth  furnaces  than  any  other 
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for  such  steam-lines  were  not  made  in  the  original  struc- 
ture. 

A  little  advance  thought  given  to  making  provisions 
in  the  original  plans  for  necessary  wiring,  pipe-lines,  etc., 
will  result  in  considerable  saving  both  in  cost  of  installa- 
tion and  in  conflicts  which  arise  between  the  location  in  a 
mill  of  the  different  types  of  installation.  For  example,  un- 
derground electric  conduits  have  to  be  run  in  such  a  way  as 
to  avoid  pipes  already  installed,  or  a  pipe-line  has  to  accom- 
modate an  electric  conduit,  resulting  in  extreme  expense  in 
one  case  or  the  other.  More  complete  plans  covering  both 
electrical  and  mechanical  installations  would  eliminate  be- 
forehand such  conflictions,  and  result  in  more  satisfactory 
construction. 

W,  T.  Snyder:  The  point  that  Mr.  Wilson  makes  is 
more  important  today  than  it  was  a  few  years  ago.  There 
was  a  time  when  to  put  a  steam-line  or  an  electric-line  any- 
where on  the  girders,  meant  that  men  worked  out  on  the 
crane,  when  there  was  time,  then  let  the  crane  work  awhile, 
and  get  the  work  done  in  that  way.  That  is  not  now  toler- 
ated in  steel  mills.  When  men  work  overhead  they  must 
have  safe  and  secure  scaffolding  and  the  crane  must  stop 
operating  while  the  work  is  going  on.  It  is  now  more  ex- 
pensive to  take  care  of  these  after-considerations  than  it 
was  a  few  years  back. 

Alfred  F.  Hovey:  I  received  a  letter  from  the  Presid- 
ent asking  me  to  look  over  this  paper  and  bring  out  one 
point,  which  has  already  been  very  well  covered  by  Mr.  Wil- 
son. 

The  paper  as  presented  is  very  valuable  for  engineers 
planning  their  buildings  and  equipment,  and  I  have  nothing 
to  say  about  the  paper  itself  except  to  add  that  the  electrical 
requirements  for  the  mill  building  should  be  considered  ex- 
tremely important,  because  of  the  economy  in  cost  and  con- 
venience in  laying  out  this  work.  We  know,  of  course,  the 
mill  owners  have  changed  their  attitude  in  regard  to  the 
use  of  electric  power,  and  now  give  adequate  space  to  the 
detailed  requirements  for  this  apparatus  in  the  proposed 
layout  of  new  buildings. 

It  has  been  altogether  too  common  a  tendency,  as  has 
been  pointed  out,  in  designing  buildings  to  design  them  with- 
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but  it  means  an  interruption  in  the  production.  The  maxi- 
mum output  cannot  be  obtained  while  such  work  is  in 
progress. 

We  can  not  emphasize  too  strongly  the  necessity  of 
exercising  the  greatest  care  in  the  matter  of  clearances, 
and  particularly  the  provision  of  adequate  space  for  suitable 
terminals  at  the  ends  of  cables  to  prevent  electrical  leakage. 
This  matter  was  well  covered  in  Mr.  Egan's  paper  last 
year  at  the  Convention,  and  if  improvements  that  are  often 
considered  of  secondary  importance  to  the  designing  engin- 
eer are  advocated  by  the  electrical  engineer,  very  often 
these  clearances  can  be  provided  at  the  time  the  buildings 
are  originally  laid  out,  so  that  there  will  be  enough  room 
for  necessary  auxiliaries  and  we  can  keep  in  mind  the  safety 
of  employees.  The  underground  electrical  systems  have 
proved  to  be  of  great  advantage  where  adopted,  and  that 
brings  up  the  question  of  conduits  so  that  they  can  be  plac- 
ed under  machines  or  other  equipment  that  are  to  be  con- 
nected with  the  conduit  lines,  without  interrupting  the  pro- 
duction. 

My  main  point  is  that  if  the  electrical  engineer  is  only 
given  a  chance,  or  takes  the  opportunity  of  talking  these 
things  over  with  the  architect,  that  considerable  expense  can 
be  saved  rather  than  by  making  changes  or  additions  at  a 
later  time. 

C.  A.  Randorf :  One  of  the  gentlemen  asked  if  any 
movement  was  noted  in  the  loose  rail  which  is  mentioned  in 
this  paper.  We  have  no  trouble  in  this  respect.  We  have 
had  some  trouble  with  single  bolt  rail  clips  which  were  used 
in  some  of  our  older  structures,  but  we  now  use  the  two  bolt 
clips  in  all  cases,  and  with  the  loose  rail  clip  on  one  side  of 
runway,  we  find  the  same  satisfactory. 

Mr.  Detwiler  has  suggested  that  provisions  be  made  for 
footwalks  on  all  crane  runways;  also  means  to  get  on  roof 
of  building.  We  have  made  provisions  of  this  kind  on  some 
of  our  buildings,  especially  walks  along  runways  for  the  use 
of  mechanics  and  electricians  also  foot-walks  on  buildings 
for  taking  care  of  windows.  The  footwalks  on  crane  run- 
ways are  very  important,  and  we  believe  in  using  them 
wherever  practicable. 

W.  Frank  Detwiler:     Outside  runways^ 
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C  A.  Randorf :  Yes,  we  have  used  the  same  on  oat- 
side  runways,  with  ladders  at  different  points  for  con- 
venience. We  have  elaborated  on  this  scheme  and  used 
stairways  and  I  believe  these  most  satisfactory. 

We  also  have  provided  foot-walks  in  the  roof  trusses  of 
our  mill  buildings,  directly  under  the  main  power  lines  for 
the  convenience  of  the  electrical  repairmen.  Access  to  this 
particular  foot-walk  is  obtained  by  means  of  ladders  at  each 
end  of  the  building:. 
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Portable  Electric  Tools,  as  referred  to  in  this  paper,  will 
be  Electrically  Operated  Drills,  Reamers  and  Grinders.  Be- 
fore going  into  the  application  of  these  types  of  electric  tools, 
I  will  endeavor  to  give  you  a  brief  outline  of  Electric  Tools 
and  their  development. 

The  first  tool;  namely,  the  Portable  Electric  Drill,  was 
commercially  used  in  this  country  about  1902.  Small-size 
drills,  of  direct  current  type  with  drilling  capacities  up  to 
y^-in..  in  metal,  were  first  introduced. 

For  a  number  of  years,  the  Electric  Drill  was  used  only 
on  miscellaneous  repair  work,etc.,  in  a  few  plants.  Some 
trouble  was  experienced,  which  later  developments  proved 
to  be  weakness  in  design.  There  was  also  considerable  skep- 
ticism as  to  its  successful  application  in  general.  However, 
the  advantage  of  the  flexibility  in  the  application  of  the  Elec- 
tric Drill  was  recognized  by  some  users,  with  the  result  that 
they  co-operated  with  the  Electric  Drill  Manufacturers ;  and 
fairly  rapid  progress  was  made  in  its  development  to  better 
meet  the  varied  conditions  existing  in  these  plants. 

In  the  early  type  of  Electric  Drills,  the  shunt  wound  mo- 
tor was  used.  Considerable  trouble  was  experienced  with 
this  type  of  motor,  and  series  wound  motors  were  then  used 
with  good  results. 

Considerable  comment  has  been  made  on  the  use  of  seri- 
es wound  motors  in  Portable  Electric  Drills;  but  when  the 
Portable  Tool  Manufacturers  were  put  to  the  question  of 
which  would  be  the  best  type  of  motor  to  adopt  for  these 
machines,  the  thing  most  apparent  was  the  fact  that  these 
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the  question  of  properly  ventilating  or  cooling  was  carefully 
considered.  In  the  early  types  of  Portable  Drills,  the  meth- 
od of  ventilating  was  very  poor.  The  type  of  fan  used  in 
the  early  tjrpe  of  drills  was  made  on  the  principle  of  an  air 
cooling  fan,  such  as  is  employed  in  rooms  for  direct  ventila- 
tion. Considerable  experimenting  was  done  with  this  type 
of  fan  with  practically  no  success. 

The  next  experiment  was  along  the  lines  of  an  exhaust 
fan.  This  proved  far  more  satisfactory  than  previous  meth- 
ods. When  this  method  of  ventilating  was  first  put  in  use, 
the  intake  of  air  was  drawn  directly  through  holes  in  the  top 
head,  or  commutator  end  of  the  machine,  passing  over  the 
commutator  down  to  the  armature  and  fields,  and  exhausting 
through  holes  in  the  bottom  of  the  motor  housing. 

It  was  later  discovered  that,  when  machines  were  oper- 
ating in  plants  where  considerable  dust  and  dirt  was  in  cir- 
culation, same  would  be  drawn  through  this  direct  course 
and  would  accumulate  on  the  commutator,  brushes  and  brush 
holders;  and  in  some  cases,  cause  considerable  trouble  due 
to  this  foreign  matter  short-circuiting  the  brush  arrange- 
ment and  also  the  commutator.  To  eliminate  this  trouble, 
provision  was  made  for  the  intake  of  air  below  the  commu- 
tator and  brushes,  thus  leaving  the  brush  arrangement  en- 
tirely housed,  with  no  opening ;  and  consequently,  no  dirt  or 
foreign  matter  could  get  to  the  commutator  and  brushes. 
This  arrangement  is  generally  used  in  present  day  machines, 
and  has  proven  satisfactory  for  all  sizes  of  machines. 

The  method  of  lubrication  was  also  given  careful  consid- 
eration along  with  the  developments  of  the  Electric  Drills. 
The  gear  case,  which  contains  what  might  be  termed  the 
mechanical  parts  of  the  Electric  Drill,  is  partially  filled  with 
a  good  grade  of  grease  or  non-fluid  oil.  Some  trouble  was 
experienced  In  the  early  type  of  drills  to  keep  this  grease 
from  working  out  of  the  gear  case.  Indications  were  that 
the  centrifugal  force  of  the  fan  would  practically  expel  the 
grease  from  the  gear  case,  working  its  way  into  the  motor 
housing  and  clogging  the  outlet  of  the  ventilating  fan,  caus- 
ing the  air  to  chum  in  the  motor  housing,  which  naturally 
would  interfere  with  the  ventilation  of  the  motor.  To  over- 
come this,  became  a  matter  of  development.  An  improve- 
ment in  this  direction  was  recently  made  by  pTO\\d\Tv^  ^tcnsSl 
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will  endeavor  to  briefly  give  you  a  comparison  of  these  two 
types  of  Portable  Drills. 

The  first  item  considered  was  that  of  operating  costs. 
It  is  a  known  fact  that  the  cost  of  producing  compressed  air 
is  considerably  higher  than  the  cost  of  producing  electric 
power.  These  costs  will,  of  course,  vary  in  different  plants, 
depending  upon  the  nature  of  equipment  and  methods  em- 
ployed. Under  average  conditions,  however,  it  has  been 
found  that  the  cost  of  operating  Portable  Pneumatic  drills 
is  about  five  times  greater  than  the  cost  of  operating  Port- 
able Electric  Drills,  of  the  same  capacity.  This  does  not 
take  into  consideration  the  losses  in  transmission  of  these 
two  kinds  of  power.  The  loss  in  transmission  of  compressed 
air,  due  to  leaks  in  air  line,  is  considerably  greater  than  in 
the  transmission  of  electric  power.  There  is  also  consider- 
able annoyance  caused  by  freezing  of  air  lines  in  cold  weath- 
er, particularly  so  in  yard  work. 

The  efficiency  of  these  two  types  of  Portable  Drills  is 
next  considered.  The  efficiency,  as  referred  to  in  this  case, 
is  based  on  the  ratio  of  input  of  power  to  power  delivered  at 
the  spindle  of  the  drill. 

Based  on  numerous  tests  made  in  the  larger  sizes  of 
drills,  the  Pneumatic  Drill,  operating  under  average  shop 
conditions,  will  have  an  efficiency  of  approximately  20  % ; 
while  the  Electric  Drill,  of  corresponding  size,  will  have  an 
efficiency  of  approximately  75%.  On  one  test  made  in  one 
of  the  plants  in  the  Pittsburgh  district,  a  Pneumatic  Drill, 
weighing  approximately  65-lbs.  consumed  75  cu.  ft.  free  air 
per  minute  at  85-lbs.  pressure,  (which  is  equivalent  to  ap- 
proximately 15  h.p.),  and  delivered  2  h.p.  at  the  spindle  at 
112  r.p.m.  The  Electric  Drill,  weighing  approximately 
75-lbs.,  consumed  4.6  h.p.,  and  delivered  3.4  h,p.  at  the  spind- 
le at  155  r.p.m. 

In  the  smaller  sizes  of  Electric  Drills,  the  efficiency  is 
not  as  high;  the  smaller  drills,  however,  will  show  an  effi- 
ciency ranging  from  45%  to  65%,  depending  upon  size  and 
type  of  motor  used. 

The  gradual  increase  in  the  use  of  Direct-Current  Drills 
created  a  demand  for  similar  type  Drills  for  alternating-cur- 
rent. The  induction  type  of  motor  was  first  employed,  but 
owing  to  the  increased  weight  and  limitatioiva  m  s^^^fedi  ^1 
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The  Aerial  type  Grinder,  as  its  name  implies,  is  used 
for  all  kinds  of  portable  grinding,  such  as  grinding  castings, 
steel  plates,  etc. 

The  Machine  or  Lathe  type  Grinder  is  successfully  used 
on  various  classes  of  work,  such  as  grinding  lathe  centers, 
grinding  blanking  dies  when  mounted  on  a  shaper,  face  mill 
cutters,  inserted  blades  of  milling  cutter  and  various  kinds 
of  internal  grinding. 

Fig.  7,  shows  a  Grinder  doing  internal  grinding  work  ; 
while  Fig.  8  shows  a  somewhat  different  style  of  Grinder, 
mounted  on  a  milling  machine,  grinding  inserted  blades  of 
milling  cutter. 

Very  often  the  work  to  be  done  by  the  larger  sizes  of 
Electric  Drills  or  Reamers  is  located  in  out-of-the-way  places 
that  are  not  easy  to  reach,  and  oftentimes  the  workmen  are 
required  to  stand  in  a  strained  position  to  do  the  required 
work.  These  strained  positions  are  sometimes  such  that  it 
does  not  require  much  of  a  push  or  jar  to  throw  the  work- 
men off  balance,  and  probably  result  in  a  fatal  fall.  If  the 
Tool  jams  in  the  work  or  is  suddenly  twisted,  the  resultant 
jar  may  be  great  enough  to  throw  the  workmen. 

To  guard  against  this  and  protect  the  workmen  in  these 
remote  places,  a  separately  mounted  circuit-breaker  panel  is 
used  in  connection  with  the  switch  on  the  handle  of  the  ma- 
chine. 

This  circuit  breaker  is  tripped  automatically  before  the 
tool  stalls,  thereby  cutting  out  power  to  the  motor  and  pro- 
tecting the  tool  and  workmen.  To  reset  breaker,  it  is  only 
necessary  to  open  the  switch  on  the  tool  handle,  and  to  re- 
start the  motor  the  same  switch  is  closed  again.  The  work- 
men do  not  have  to  leave  the  work  to  reset  the  circuit  break- 
er. 

This  circuit  breaker  is  in  the  form  of  a  single-pole  shunt 
contactor,  working  in  connection  with  an  electrically  reset 
overload  tripping  relay.  This  relay  has  two  coils,  one  con- 
nected directly  in  series  with  the  motor,  and  the  other  direct- 
ly across  the  line  in  series  with  a  protecting  resistance. 

Whenever  an  excessive  current  is  taken  by  the  motor, 
the  series  coil  will  cause  the  relay  plunger  to  pull  out  and 
open  an  auxiliary  switch  in  series  with  the  single  pole  con- 
tactor.   This  contactor  breaks  the  power  circuit  to  tha  tslo- 
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the  armature  and  motor  housings,  the  top  head  assembled, 
the  gear  case  assembled,  and  the  switch  mechanism  with 
complete  switch  control.  These  parts  are  all  a  unit  in  them- 
selves, and  are  absolutely  interchangeable. 


DISCUSSION 


W.  T.  Snyder:  I  notice  that  Mr.  Andresen's  paper  re- 
fers to  the  increase  in  efficiency  of  a  portable  tool.  It  is 
my  opinion  that  the  tool  builders  should  not  pay  so  much 
attention  to  efficiency  as  to  ruggedness  and  reliability,  and 
light  weight  in  the  case  of  portable  tools  intended  for  the 
steel  industry.  I  believe  these  points  are  more  important 
than  efficiency  or  even  accessibility  in  the  case  of  the  small- 
er tools. 

F.  A.  Wiley:  We  find  a  great  many  uses  for  portable 
tools  in  miscellaneous  repair  work,  such  as  drilling  stray 
billets,  for  sampling,  drilling  tapping  holes  in  the  blast 
furnaces,  and  general  repair  work  around  the  mills.  The 
portable  electric  drill  is  fast  displacing  the  air  drill  on  ac- 
count of  the  greater  efficiency  of  the  electric  drill.  The 
great  loss  in  the  transmission  of  air  gives  the  electric  tool 
preference  over  the  compressed  air  operated  tools,  especially 
drills,  reamers  and  grinders.  The  electric  hammer  has  not 
yet  been  developed  to  that  state  of  perfection  where  it  will  do 
the  work  performed  with  the  air  riveting  hammer. 

We  find  in  practice  that  the  method  of  lubrication  is  a 
very  important  part  in  the  design  of  the  electric  drill.  All 
transmission  gears  should  run  in  grease.  We  have  had 
some  experience  with  portable  electric  drills  using  both  oil 
and  grease  lubrication  and  we  find  that  where  the  oil  lubri- 
cation is  used  there  is  always  a  tendency  on  the  part  of  the 
workmen  to  flood  the  motor  with  oil  which  will  always  cause 
trouble,  while  on  the  other  hand  we  have  very  little  trouble 
where  grease  lubrication  is  used  because  the  workmen  who 
use  the  tools  are  not  required  to  do  any  oiling. 

In  selecting  a  portable  electric  drill  for  drilling  tapping 
holes  in  a  blast  furnace,  it  should  be  a  drill  that  is  designed 
for  a  low  spindle  speed,  not  more  than  100  or  120  T.^.xii*    ^ 
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ing  the  points  of  the  drill  bits.  I  believe  that  in  the  larger 
sizes  of  drills  and  reamers,  a  compound  field  winding  with 
a  large  percentage  of  series  and  sutHcient  shunt  wmdings  to 
hold  the  speed  down  at  no  load  is  a  much  better  proposition 
as  it  not  only  saves  the  motor  from  the  excessive  speeds, 
but  also  the  cutting  tools.  Experiences  of  the  past  year  or 
two  with  this  type  of  machine  have  proven  very  satisiactory. 
The  shunt  fields  are  placed  on  pole  pieces  independent  from 
tfiose  which  carry  the  series  windings  and  therefore,  can  be 
most  thoroughly  insulated. 

in  regard  to  the  comparison  of  pneumatic  and  electric 
drills,  there  is  one  point  that  1  think  is  often  overlooked. 
Tne  air  drill  when  supphed  with  a  drilling  tool  or  reamer 
smaller  than  the  maximum  size  for  which  the  tool  is  intend- 
ed IS  often  operated  with  a  wide  open  throttle  in  order  to  get 
hign  speed,    a  piston  air  drill  operating  in  this  way  con- 
sumes much  more  air  than  when  running  at  full  load  at  a 
slower  speed,  due  to  the  fact  the  cylinders  have  to  be  filled 
with  air  a  great  number  of  times.    From  this  you  will  see 
tnat  the  eihciency  curve  of  the  air  drill  drops  off  very  rapidly 
below  full  load.    On  the  other  hand  the  curve  of  a  motor 
ot  a  well  designed  electric  tool  is  quite  flat,  from   14   to 
i-14  times  the  normal  load.    Mr.  Andresen  states  that  the 
cost  of  operating  pneumatic  tools  is  about  five  times  greater 
than  the  cost  of  operating  portable  electric  tools  of  the  same 
capacity.     He  then  gives  an  example  showing  that  the  eifi- 
ciency  of  the  larger  sizes  of  pneumatic  tools  Is  approximate- 
ly 20  Yo  and  that  of  the  corresponding  electric  tools  about 
75%  or  three  and  one-half  times  as  efficient.    I  presume 
that  he  takes  into  consideration  that  the  cost  of  producing 
the  air  is  considerably  more  than  for  electricity  which  would 
account  for  his  statement  that  it  would  cost  about  five  times 
more  to  operate  the  pneumatic  tools.    This  is  the  generally 
accepted  idea  on  the  subject.     The  more  recent  designs  of 
pneumatic  drills  in  the  large  sizes  are  very  much  more  effi- 
cient than  the  older  types  and  the  latest  design  capable  of 
developing  from  three  to  four  brake  horse  power  show  an 
efficiency  of  approximately  30%,  which  would  reduce  the 
ratio  of  costs  of  operation  between  the  two  tools.    The 
question  of  efficiency  of  cost  of  operation  is  not  such  an  im- 
po^rtant  one  except  in  large  installations,  and  as  a  general 
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Some  of  our  people  at  Ambridge  and  other  plants  in  the 
American  Bridge  Company  have  had  more  experience  with 
tnese  drills  than  I  have  had  at  Pencoyd. 

F.  D.  Egan:  There  is  one  point  brought  up  by  Mr. 
Andresen  in  connection  with  spindle  speed,  that  is  the  troub- 
le of  getting  high-speed  tool  steel.  It  is  almost  impossible 
with  the  present  speed  of  electric  drive  to  use  low  carbon 
steel.  We  had  a  large  amount  of  work  on  which  we  were 
using  electric  drills  but  set  them  aside  and  substituted  air 
drills,  thereby  obtaining  better  speed  control.  If  we  could 
get  gear  changes  in  some  of  the  older  drills  it  would  help 
matters  out. 

W.  T.  Snyder:  Why  not  go  a  step  further  and  get 
variable  speed  motors  ? 

Fred  H.  Woodhull:  For  a  number  of  years  we  have  had 
a  few  drills  in  operation,  and  we  have  experienced  some  of 
the  troubles  spoken  of.  There  was  one  thing  in  particular, 
which  has  not  been  spoken  of  here,  with  which  we  have  had 
a  great  deal  of  trouble,  and  that  is  in  connection  with  the 
brush-holder  insulation  and  the  insulation  around  the  com- 
mutator end  of  the  motor.  We  have  had  a  great  deal  of 
trouble  with  that,  as  well  as  with  the  starting  and  stopping 
switch. 

The  matter  of  speeds  has  been  spoken  of  by  Mr.  Egan. 
We  obtained  and  put  in  use  two  high-speed  drills  a  short 
while  ago.  They  were  of  small  size  for  opening  up  tell- 
tale holes  in  staybolts  of  locomotive  fireboxes.  We  got  them 
with  the  idea  of  using  the  high-speed  steel  drills  but  when 
it  became  so  very  hard  to  get  the  high-speed  steel,  we  had 
to  substitute  the  standard  carbon  drill  and  the  consequence 
was  we  had  trouble  from  burning  the  drill  and  we  had  to  go 
to  a  slower  speed  drill. 

C.  S.  Lankton :  The  principal  trouble  I  have  experienc- 
ed is  that  the  people  operating  the  drill  try  to  operate  the 
drill  too  hard.  We  have  had  one  or  two  armatures  burned 
out. 

John  F.  Kelly :  Is  the  circuit-breaker,  which  automatic- 
ally trips  off,  in  a  fixed  position  or  is  it  portable  ? 

A.  M.  Andresen:     Portable. 

John  F.  Kelly:  Can  one  workman  carry  it  and  the 
drill? 
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The  point  raised  by  Mr.  Coates  on  the  compound  wind- 
ing  for  larger  machines  no  doubt  would  work  out  all  right. 
The  advantage,  of  course,  on  the  series  type  of  motor  in 
the  electric  drill  is  when  you  use  it  for  variable  classes  of 
work. 
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OBJECTS  AND  SCOPE  OF  THE  A.L&  S.E.E. 


By  W.  T.  SNYDER 


To  begin,  I  want  to  ask  the  support  and  co-operation  of 
the  members  on  behalf  of  myself  and  the  other  officers  of 
the  Association,  with  which  we  feel  sure  that  the  Associa- 
tion shall  continue  to  progress  during  the  coming  year. 

I  have  had  more  or  less  intimate  connection  with  the 
affairs  of  the  Association  prior  to  my  election  as  Secretary, 
and  along  with  the  duties  of  Secretary.  The  experience  I 
have  gained  has  enabled  me  to  form  certain  opinions  or 
views  in  regard  to  the  affairs  and  policies  of  the  Association, 
and  while,  no  doubt,  some  of  them  will  be  contrary  to  your 
own  ideas,  nevertheless  I  will  outline  some  of  them  as  brief- 
ly as  I  can.  Some  of  the  points  we  will  dwell  on  are  the  ob- 
jects, aims  and  make-up  of  the  Association.  We  will  con- 
sider some  of  the  things  that  we  hope  to  accomplish  during 
the  coming  year,  some  of  the  things  that  we  think  should  be 
done,  and  also  touch  briefly  on  a  few  things  we  think  should 
at  least  be  given  consideration. 

The  object  of  the  Association  at  its  inception,  as  stated 
in  the  Constitution,  was  the  advancement  of  the  application 
of  electricity  to  the  Iron  and  Steel  industry.  Now,  it  is  a 
fact  that  we  are  confronted  today  with  problems  that  were 
foreign  and  unknown  to  the  industry  when  the  Association 
was  first  organized ;  and  it  is  my  impression  that  the  pres- 
ent achievements  in  electrical  applications  in  the  industry 
are  due,  in  a  large  measure,  to  the  pioneer  work  and  the 
later  development  work  of  the  members  of  this  Association. 
However,  we  cannot  rest  on  what  has  been  done  in  the  past ; 
while  a  great  deal  has  been  accomplished,  it  is  small  when 
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ship  Committee,  as  he  will  now  have  proof  of  the  fertile  field 
he  has  to  work  in. 

In  the  above  tabulation,  blast  furnaces  only  are  com- 
pared to  the  membership,  and  had  the  other  plants  that  are 
allied  with  the  industry  been  included  it  would,  no  doubt, 
more  forcibly  show  the  lack  of  representation  of  our  mem- 
bership. 

At  the  nine  C!onventions  held  since  the  Association  was 
organized,  I  found  that  there  were  146  papers  presented  and 
out  of  this  number,  only  30  were  furnished  by  active  mem- 
bers— a  little  less  than  25  per  cent.  These  30  papers  were 
furnished  by  20  different  authors.  Some  members  have 
contributed  as  many  as  four  papers,  others  three  papers, 
and  others  two.  The  active  members  are  furnishing  only  a 
small  number  of  the.  papers,  and,  outside  of  the  executive 
work,  they  are  taking  but  slight  interest  in  the  activities 
of  the  Association. 

Out  of  146  papers  presented,  covering  thirty  subjects, 
71  papers  embraced  applications,  55  were  of  a  descriptive 
nature,  17  were  of  general  engineering  nature,  and  3  were 
general.  Again,  28  papers  were  on  control,  26  on  motors,  17 
on  prime-movers  and  generators,  6  on  safety,  and  5  on  cranes. 

While  we  must  acknowledge  that  a  great  deal  of  credit 
for  present  achievements  is  due  to  the  early  pioneer  work 
of  the  Association,  we  do  not  have  the  time,  nor  is  it  essen- 
tial at  this  time,  to  go  into  details  regarding  the  improve- 
ments that  have  been  made.  I  believe  we  are,  and  should 
be,  more  concerned  about  the  present  and  the  future  of  the 
industry  and  the  policy  of  the  Association.  I  believe  the 
statistics,  just  given,  indicate  the  value  of  local  meetings  in 
the  various  industrial  centers,  and  I  would  strongly  urge 
the  establishment  of  four  local  sections.  I  believe  the  best 
fields  would  be :  Chicago,  where  they  have  been  carrying  on 
local  meetings  at  frequent  intervals ;  Cleveland,  where  pre- 
liminary steps  have  already  been  taken  toward  starting  local 
meetings;  one  in  the  eastern  section  of  this  state,  possibly 
Philadelphia,  or  thereabouts ;  and  continuing  the  Pittsburgh 
local  meetings.  This  would  make  a  total  of  four  local  sec- 
tions of  the  Association. 

The  question  comes  up  of  how  a  change  of  policy  could 
be  carried  on  with  respect  to  the  Association  finances.    The 
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active  member  now  pays  $10.00  a  year — ^the  associate  mem- 
ber pays  $5.00. 

Either  of  these  plans  would  increase  the  legitimate  re- 
sources of  the  Association  to  within  about  $200.00  of  the 
amount  necessary  to  finance  the  organization.  The  balance 
could  be  made  up  by  continuing  our  present  policy  of  ac- 
cepting a  limited  amount  of  advertising  in  our  proceedings. 
Either  plan  would  permit  conducting  local  sectional  meet- 
ings in  those  four  industrial  centers  already  mentioned. 
The  inauguration  of  these  local  meetings  would  result  in  an 
increased  active  membership  that  would  make  possible  in 
the  future  the  establishment  of  a  central  office  with  a  per- 
manent secretary.  These  are  two  things  that  the  Associa- 
tion needs  right  now — if  it  is  to  extend  the  field  of  its  oper- 
ations. 

In  doing  this  you  are  going  to  increase  the  business  end, 
that  is,  the  amount  of  work  that  is  necessary  for  carrying 
on  the  Association's  affairs,  beyond  the  point  where  it  can 
be  satisfactorily  carried  on  by  voluntary  work.  It  is  now 
about  a  dividing  line.  It  is  almost  too  much  to  be  handled 
by  voluntary  work  and  the  membership  is  not  large  enough 
to  justify  and  finance  a  paid  secretary  that  will  devote  his 
whole  time  to  the  interests  of  the  Association. 

The  establishment  of  these  local  sections  would  permit 
the  selection  of  the  governing  officers  from  different  indus- 
trial centers,  instead  of  confining  them  to  one  district  as  has 
been  the  custom  since  the  inception  of  the  organization  and 
which  has  been  necessary  so  that  the  officers  could  get  to- 
gether and  carry  on  the  business  of  the  Association  at  a 
minimum  expense.  It  is  my  opinion  that  the  Association 
cannot  obtain  the  best  results  by  continuing,  in  the  future, 
the  methods  of  the  past. 

As  we  have  said  before,  the  original  object  of  the  Asso- 
ciation was  the  application  of  electricity  to  the  iron  and  steel 
and  allied  industries.  We  have  gone  beyond  the  confines  of 
this  restricted  obligation  and  the  trend  is  plainly  indicated 
by  our  membership  list;  we  have  members  who  are  plant 
managers  and  assistants,  plant  superintendents  and  assist- 
ants, chief  engineers,  mechanical  engineers,  steam  and  hy- 
draulic engineers,  safety  inspectors,  and  representatives  of 
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and  invention,  and  the  type  of  men  in  this  association  would 
be  men  like  Edison,  Steinmetz,  Carty,  Brashear,  etc.  An- 
other organization  to  be  composed  of  men  engaged  in  the 
application  of  energy  to  the  different  industries,  making  use 
of  the  apparatus,  appliances  and  methods  developed  by  the 
other  organization,  and  including  the  steel-mill  electrical  en- 
gineer of  the  future.  The  third  organization  to  be  compos- 
ed of  the  captains  of  industry;  the  Dinkeys,  Schwabs  and 
Garys  of  the  future,  engaged  in  the  more  weighty  problems 
of  capital  and  labor. 

I  have  outlined  what,  to  my  mind,  would  be  the  proper 
course  to  pursue  in  directing  the  activities  of  this  Associa- 
tion.  It  seems  to  me  that,  during  the  coming  year,  the 
thing  of  most  importance  will  be  the  policy  of  the  Associa- 
tion. I  believe  it  is  not  of  as  great  benefit  as  it  could  be — 
I  believe  that  is  is  not  well  enough  represented  throughout 
the  industry,  and  I  would  like  to  have  the  views  of  some  of 
the  memebrs. 


DISCUSSION 


G.  W.  Richardson:  I  coincide  with  our  president's  re- 
marks. I  think,  myself,  we  ought  to  try  to  broaden  out. 
The  eastern  Pennsylvania  district,  I  might  say,  is  not  well 
represented  in  this  Association.  Somehow  or  other,  the 
members  we  had  over  there  did  not  seem  to  attend.  I  have 
had  the  great  pleasure  of  attending  every  annual  meeting 
of  this  Association  from  the  start,  and  I  hope  to  continue  to 
attend  them  at  least. 

I  was  very  fortunate  in  that  I  happened  to  be  in  town 
today,  so  as  to  be  at  this  meeting.  I  might  say,  in  regard  to 
starting  the  monthly  meetings  in  our  district,  I  will  take  up 
the  question  with  the  different  steel  plants  around  there, 
Bethlehem,  Eastern  Steel  Co.,  Phoenixville,  Allentown,  and 
those  places,  and  see  if  I  cannot  get  those  fellows  interested. 
We  could  hold  local  meetings  the  same  as  you  do  here.  It 
would  only  take  about  an  hour's  run  to  get  down  to  Phil- 
adelphia, and  I  think  it  would  be  very  interesting.    I,  my- 
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members — which  consists  mostly  of  salesmen — as  active 
members.  I  think  the  situation  as  it  stands  today  cannot 
be  improved  upon,  and  I  think  it  is  one  of  the  reasons  for 
the  great  success  of  the  organization. 

W.  T.  Snyder:  I  was  only  looking  ahead.  I  did  not 
mean  to  convey  the  impression  that  we  wanted  to  start  right 
in  on  that  now.  What  I  meant  was  that  it  seemed  to  be  the 
trend  of  things  that  eventually  the  large  number  of  rela- 
tively small  engineering  associations  would  get  together 
somehow.  We  have  already  heard  a  discussion  of  that 
same  thing  in  our  own  ranks.  Some  of  the  larger  organiza- 
tions have  their  eyes  on  us  now. 

L.  F.  Galbreath :  I  think  it  would  be  better  to  take  up 
some  of  the  ways  that  would  put  it  before  the  steel  men  as 
a  business  proposition.  The  more  you  are  familiar  with  the 
other  man's  product  the  better  you  can  talk  to  him.  So  if 
you  put  it  up  to  the  steel  men  who  haven't  representatives 
in  the  Association  at  the  present  time,  I  beUeve  we  could 
secure  quite  a  number  of  new  active  members  in  that  way. 
Go  into  the  different  localities  where  we  are  not  represent- 
ed, go  after  the  president  of  the  company  and  put  it  up  to 
him  as  a  business  proposition.  Show  him  what  improve- 
ment has  been  made  during  the  last  few  years.  Show  him 
what  his  company  would  gain  if  its  men  were  associated 
with  other  manufacturers,  because  as  it  is  now  with  those 
people,  they  have  to  depend  on  one  man,  where  if  he  belong- 
ed to  the  Association,  he  gets  the  improvement  of  114  active 
members.  There  is  a  way  you  can  get  at  that  which  might 
do  some  good.  I  do  not  believe  it  would  take  three  months. 
Send  a  committee  to  each  one  of  these  steel  mills  and  put 
it  up  to  them  as  a  business  proposition.  Put  it  up  to  the 
American  Iron  and  Steel  Institute,  so  the  big  men  will  get 
hold  of  it  and  get  it  under  discussion  there. 

L.  Hommel :  I  rather  agree  with  Mr.  Motz  in  one  idea — 
I  believe  that  you  can  get  more  good  by  retaining  your  iden- 
tity such  as  it  is  now.  I  believe  that  one  or  two  years  ago, 
the  question  of  merging  the  A.I.  &  S.E.E.  and  the  American 
Institute  was  discussed.  It  seems  to  me  to  be  a  mistake  to 
take  that  step.  In  line  with  Mr.  Galbreath's  suggestion,  it 
occurred  to  me  that  it  might  be  a  good  idea  to  have  extra 
copies  of  your  proceedings  printed  and  offer  to  ^^  >JweaL  ^ 
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money  in  the  treasury.  I  also  do  not  agree  with  him  when 
he  calls  advertisements  we  have  taken  for  our  proceedings 
as  not  legitimate.  The  American  Institute  has  three  or  four 
times  as  many  advertisements  in  their  monthly  proceedings. 

I  think  that  to  increase  the  membership  would  be  a 
better  way  than  to  increase  the  dues  of  the  members.  For 
the  last  three  or  four  years,  we  have  only  taken  in  members 
who  came  in  themselves;  we  really  haven't  gone  out  after 
them.  What  we  need  is  a  very  active  membership  committee. 
It  is  very  hard  for  the  active  members,  who  work  day  in 
and  day  out  at  the  mills,  to  get  acquainted  with  other  men ; 
our  associate  members  travel  around  the  country  and  visit 
the  various  works.  I  think  a  good  plan  to  increase  the  mem- 
bership would  be  by  getting  every  associate  member  that  is 
a  representative  of  a  manufacturing  concern  to  make  up  a 
list  of  men  eligible  for  membership  in  his  district,  and  send 
it  to  the  membership  committee,  which  committee  will  at- 
tempt to  enroll  these  men. 

This  Association  is  only  nine  years  old,  and  cannot  af- 
ford to  hire  a  paid  secretary  at  present,  but  we  are  getting 
along.  The  biggest  trouble  in  my  opinion  is  the  little  inter- 
est shown  by  the  largest  part  of  the  membership.  It  is 
really  up  to  only  the  few  who  come  here  once  a  month  to 
keep  the  Association  active.  The  most  money  is  spent  for 
printing,  and  we  do  a  lot  of  it ;  we  print  as  much  as  any  or- 
ganization in  the  country,  in  proportion,  and  I  think  we 
ought  to  keep  it  up.  There  are  lots  of  members  who  have 
never  had  a  chance  to  attend  our  meetings  and  conventions 
and  all  they  know  of  our  proceedings  is  what  they  see  in 
print. 

I  do  not  think  we  ought  to  branch  out  and  take  in  other 
industries.  We  would  lose  our  identity.  This  field  is  plenty 
big  enough  for  us.  What  I  would  like  to  see  is  twice  as 
many  members.  If  each  of  you  brings  in  one  member  a  year 
we  will  be  satisfied.     I  think  it  can  be  made  self-supporting. 

W.  T.  Snyder:  When  I  referred  to  the  legitimate  rev- 
enues of  the  Association,  I  did  not  mean  that  we  are  taking 
money  out  of  anybody's  pockets.  I  possibly  should  have 
said  the  ordinary  revenues,  and  we  could  consider  revenue 
from  advertising  as  special,  or  extraordinary. 
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not  represented  in  our  membership  they  could  send  to  the 
general  manager  a  copy  of  our  proceedings  along  the  line  of 
the  apparatus  they  expected  to  install,  which  would  show 
the  benefits  of  the  Association  and  secure  their  electrical 
man  as  a  member.  But  my  suggestion  is  to  leave  the  Asso- 
ciation remain  as  an  Association  of  Iron  &  Steel  Electrical 
Engineers. 

W.  T.  Snyder:  For  Mr.  Farrington's  information,  and 
the  other  members,  I  might  say  a  new  special  committee  has 
been  appointed  this  year,  which  is  called  the  Progress  Com- 
mittee. One  of  the  functions  of  the  committee  will  be  to 
act  as  a  clearing  house  for  such  information  as  Mr.  Farring- 
ton  refers  to,  to  keep  the  membership  as  a  whole  informed 
as  to  what  is  going  on. 

C.  A.  Menk :  We  all  listened  gloomily  while  Mr.  Snyder 
was  making  his  speech,  and  I  think  we  have  cause ;  because 
we  can  all  see  the  interest  that  some  of  our  members  have 
taken.  The  Association  seems  to  be  a  sort  of  after-consider- 
ation. I  do  not  think  there  is  anyone  who  takes  interest  in 
it  who  will  not  get  proper  value.  From  what  I  can  under- 
stand, the  Association  at  the  present  time  is  not  self-sup- 
porting. That  is  not  a  good  thing.  If  we  were  in  business, 
it  would  only  be  a  short  time  until  we  were  in  the  hands  of 
a  receiver. 

I  do  not  think  there  is  a  man  here  who  would  like  to 
see  the  Association  dropped,  and  it  will  be  dropped  unless 
we  take  an  active  part  in  trying  to  build  it  up.  The  meet- 
ings in  Pittsburgh,  I  believe,  is  what  has  held  it  together 
so  far.  Nothing  has  been  done  in  the  eastern  end  of  the 
state,  and  nothing  in  Cleveland.  I  believe  there  were  some 
meetings  in  Chicago.  I  understand  we  have  about  60  mem- 
bers in  the  Philadelphia  district  east  of  the  mountains. 
Now,  there  is  no  reason  why  they  could  not  get  together  at 
least  once  a  month  and  build  up  that  end  of  the  state.  As 
for  Pittsburgh,  we  can  do  a  great  deal  more.  I  know  we 
have  men  that  would  be  benefitted  by  belonging  to  the  Asso- 
ciation, and  when  it  comes  down  to  costing  this  and  that, 
we  know  it  don't  amount  to  anything;  it  just  seems  to  be 
the  lack  of  interest,  because  the  men  don't  come. 

Now  tonight,  and  ever  since  the  convention,  there  is 
quite  a  number  I  haven't  seen  from  the  Pittsbur^K  dl^txARX*. 
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about  7,000,  it  is  interesting  to  note  that  they  were  con- 
fronted with  the  same  problems  and  through  a  recent,  vigor- 
ous campaign  the  membership  was  greatly  enlarged.  Local 
sections  were  established  in  various  parts  of  the  country, 
and,  while  the  membership  has  grown  rapidly,  it  is  question- 
able, however,  whether  it  has  resulted  in  greater  benefit  or 
satisfaction  to  the  members  of  the  society.  Entrance  re- 
quirements for  members  was  very  rigid  at  one  time  and  I 
can  remember  when  membership  in  the  society  was  virtually 
a  recommendation  of  ability.  With  the  added  numbers 
there  are  undoubtedly  many  who  do  not  measure  up  to  the 
original  high  standard  and,  consequently,  it  does  not  carry 
with  it  the  same  weight. 

I  believe  it  will  be  to  the  advantage  of  this  organiza- 
tion to  continue  as  a  separate  body  of  electrical  engineers 
who  are  interested  particularly  in  the  iron  and  steel  indus- 
tries, that  the  active  members  be  only  those  that  are  occu- 
pied in  this  branch  of  engineering,  and  that  those  interested 
in  a  commercial  sense  only,  as  represented  largely  by  the 
sales  engineers  of  the  various  manufacturing  companies, 
still  continue  as  associate  members.  This  would  eliminate 
the  commercial  spirit  from  imparting  too  great  an  influence 
on  the  active  policy  of  the  society.  It  would  be  well  to  in- 
troduce a  third  grade,  to  be  known  as  "Junior  Members," 
and  men  now  actually  employed  in  the  iron  and  steel  indus- 
try, such  as  assistants,  foremen,  etc.,  should  be  eligible  for 
this  grade.  It  would  be  from  their  ranks  that  promotions 
could  take  place,  resulting  in  future  increase  of  membership. 

In  order  to  increase  the  financial  receipts,  I  would  sug- 
gest that  associate  members  and  juniors,  who  after  a  certain 
period  did  not  qualify  for  full  membership,  be  assessed  the 
same  dues  as  members.  This  is  the  scheme  that  has  been 
adopted  in  one  of  the  larger  engineering  societies. 

It  is  desirable  to  have  a  number  of  local  branches  estab- 
lished in  order  to  carry  on  and  stimulate  active  interest  in 
the  organization,  but  I  am  heartily  in  favor  of  having  this 
society  remain  as  a  distinctly  individual  organization  rather 
than  merge  with  any  of  the  larger  institutions.  This  makes 
for  greater  interest  amongst  the  members  interested  in  a 
particular  development,  and  is  not  likely  to  result  in  an  un- 
wieldy organization  in  which  the  majority  of  the  meixxbers 
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W.  T.  Snyder:  This  discussion  has  been  very  interest- 
ing to  me.  It  seems  to  have  created  a  great  deal  of  interest 
among  most  of  us.  We  will  now  come  to  the  real  part  of 
our  program.  We  will  hear  from  a  man  who  needs  no  in- 
troduction, is  well  known  to  all  of  us,  and  to  everyone 
throughout  the  country,  Mr.  P.  M.  Lincoln,  Past  President 
of  the  American  Institute  of  Electrical  Engineers. 
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REMINISCENCES  OF  NIAGARA 


By  PAUL  M.  UNCOLN 


Reminiscences  are  not  so  much  the  product  of  the  mere 
lapse  of  time  as  they  are  of  the  progress  of  events.  Devel- 
opment has  taken  place  rapidly  with  the  electrical  engineer. 
Events  have  so  transpired  within  the  la^t  twenty  years  that 
were  we  looking  forward  at  the  result  as  one  to  be  attained 
instead  of  backward  at  the  actual  achievement,  one  might 
well  be  astonished  that  only  twenty  years  have  elapsed 
since  the  start  of  the  Niagara  plant.  Measured,  therefore, 
by  the  progress  of  events  rather  than  the  lapse  of  time  the 
electric  generators  that  began  to  deliver  Niagara  power 
in  1895  are  at  least  grand-fathers,  perhaps  great-grand- 
fathers. Generations  of  electric  machinery  have  come  and 
gone  since  the  installation  of  the  first  Niagara  machines. 
Under  these  circumstances,  therefore,  I  feel  justified  in  jot- 
ting down  the  few  recollections  that  follow  because  they  are 
recollections  of  one  of  the  earliest  as  well  as  one  of  the  most 
important  of  all  electrical  developments. 

Niagara  marks  an  epoch  in  electricity.  It  stands  as  a 
monument  to  the  greatest  single  step  in  advance  that  was 
ever  taken  in  the  electrical  field.  At  the  time  the  Niagara 
machines  were  designed,  they  were  about  four  times  the  cap- 
acity of  any  alternators  that  had  been  successfully  operated 
before.  That  in  itself  is  sufficient  to  make  the  plant  a  mem- 
orable one. 

There  were  many  questions  that  arose  concerning  that 
installation  that  liad  to  be  worked  out  on  the  ground,  things 
with  which  little  or  no  previous  experience  had  been  gained. 
For  instance  little  was  known  at  that  time  about  parallel 
operation  of  alternating-current  machinery.  The  question 
as  to  whether  the  large  new  generators  would  operate  suc- 
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cal  engineering  has  made  since  that  day.  That  such  a  state 
of  mind  was  possible  only  twenty  years  ago  speaks  volumes 
for  the  progress  of  the  art. 

In  any  plant  the  starting  period  is  one  of  vicissitude. 
Niagara  was  no  exception.  The  first  difficulties  encounter- 
ed were  with  the  bearings  that  kept  the  long  shaft  properly 
lined  up.  It  was  during  April  1895  that  the  generators 
were  first  turned  over  by  the  water  wheels.  It  required 
some  time  to  get  the  difficulties  with  the  bearings  straight- 
ened out.  Then  came  a  period  of  test  for  the  generators 
and  water  wheels,  so  that  it  was  not  until  August  1895  that 
we  were  ready  to  begin  commercial  operations.  There  is 
one  incident  connected  with  the  start  of  the  first  commercial 
plant  that  will  bear  repeating,  for  it  emphasizes  a  moral. 

The  plant  of  the  Pittsburgh  Reduction  Company,  now 
the  Aluminum  Company  of  America,  manufacturers  of  alu- 
minum, was  to  be  the  first  started.  The  plant  consisted  of 
some  rotary-converters  whose  function  was  to  convert  the 
alternating-current  received  from  the  power  company  into 
the  direct-current  that  was  necessary  for  use  in  the  alumi- 
num process.  So  far  as  we  could  tell,  everything  was  final- 
ly ready  for  starting  at  both  the  main  and  auxiliary  plants 
and  August  26th,  1895  was  set  as  the  day  for  starting. 
Much  against  the  wishes  of  the  engineers  no  rehearsel  start 
was  permitted;  the  switches  were  to  be  thrown  on  August 
26th  and  things  were  expected  to  start.  The  morning  of  the 
26th  came  and  in  the  presence  of  quite  a  delegation  of  offi- 
cers of  the  power  company,  the  switch  3s  were  closed.  In- 
stead of  starting  up,  however,  the  rotary  converters  simply 
stood  still  and  rumbled.  An  investigation  presently  showed 
that  by  an  error  two  of  the  cables,  coming  from  the  power 
house  half  a  mile  away,  were  interchanged  so  that  the 
"phases"  were  crossed.  It  was  an  error  that  had  no  sig- 
nificance, and  the  remarkable  thing  was  that  this  was  the 
only  thing  that  was  found  to  prevent  starting  on  time. 
However,  the  disappointment  of  the  company's  officers  that 
had  assembled  to  see  the  start  was  very  keen,  far  and  en- 
tirely out  of  proportion  to  its  insignificant  cause.  In  this 
case,  after  a  few  hours  work  to  find  and  remedy  the  trouble, 
the  start  was  made  without  further  difficulty.  The  moral 
is  evident    Don't  advertise  to  start  a  plant  of  this  kind 
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down  into  the  wheel  pit  when  one  of  the  party  exclaimed 
to  an  accompanying  lady,  evidently  his  wife,  "There,  you  can 
get  some  idea  of  the  enormous  energy  developed ;  see,  that 
big  pipe  has  become  red-hot  with  it."  And  it  was  said  in  a 
way  which  would  indicate  that  he  was  in  earnest.  The  lady 
wondered  that  it  was  so  cool  in  the  pit  in  spite  of  the  red- 
hot  pipes. 

One  enthusiastic  visitor  exclaimed,  as  he  looked  down 
the  line  of  ten  whirling  generators ;  "and  is  it  possible  that 
these  dynamos  supply  all  the  light  of  Niagara  Falls  ?"  An- 
other asked  how  many  volts  were  generated  in  a  day ;  anoth- 
er, on  hearing  some  general  explanation  on  the  output  ol 
the  plant,  asked  where  the  kilowatts  were  kept  and  if  he 
could  have  one  to  take  away  as  a  souvenir.  Still  another 
wanted  to  see  our  collection  of  diamonds.  Questioning  de- 
veloped that  he  had  heard  something  about  the  early  work 
of  Acheson  who  discovered  carborundum  while  trying  to 
make  diamonds.  As  usual  this  visitor's  ideas  were  consider- 
ably garbled  and  he  thought  that  most  of  our  power  was 
used  in  making  diamonds  and  that  we  had  a  magnificent  col- 
lection on  exhibition.  Another  man  standing  at  the  top  of 
the  wheel  pit  saw  some  water-spray  thrown  through  a  crack 
at  the  bottom ;  "Is  that  your  liquid  air  escaping,"  he  asked. 
On  several  occasions  I  have  opened  the  trap-door  over  a  run- 
ning wheel  to  show  the  chaos  of  water  as  it  leaves  the  tur- 
bines and  have  had  to  restrain  members  of  the  party  from 
starting  down  the  ladder  into  it.  They  evidently  thought 
it  was  the  next  place  to  go  and  were  not  to  be  daunted  by  a 
little  water. 

Niagara  is,  and  always  has  been,  a  mecca  for  the  tour- 
ist. Not  all  of  them  are  of  the  same  stripe  as  indicated  by 
the  foregoing  incidents.  Distinguished  men  of  all  walks  of 
life  and  of  all  nations  were  continually  going  and  coming. 
Not  a  small  part  of  the  interest  in  being  attached  to  such 
a  plant  was  the  opportunity  thus  afforded  to  meet  and  talk 
to  the  well-known  men  who  were  continually  visiting  the 
plant.  One  of  the  earliest  distinguished  visitors  to  the  plant 
was  Le  Hung  Chang,  the  Chinese  Statesman.  Four  Chin- 
ese bearers  carried  him  about  seated  in  his  sedan  chair.  He 
showed  due  Chinese  politeness  by  asking  numberless  ques- 
tions about  the  things  he  saw.    It  was  then  that  occurred 
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proceeded  to  ask  a  string  of  questions  so  worded  as  to  make 
it  quite  impossible  to  believe  his  statement. 

Pi'esident  McKinley  visited  the  plant  just  an  hour  or 
two  before  he  was  shot.  On  leaving  the  power  house  he 
went  straight  to  the  train  that  took  him  to  the  Pan  American 
Exposition  at  Buffalo,  where  he  was  the  chief  figure  at  the 
fatal  reception  in  Music  Hall.  His  last  signature  was  writ- 
ten in  the  visitor's  register  that  has  always  been  kept  at  the 
power  house. 

Lord  Kelvin  visited  the  plant  at  least  twice  and  always 
took  a  keen  interest  in  its  development.  Prince  Hilkoff  the 
Russian  Minister  of  Railways  was  another  interested  visitor. 
Prince  Henry  of  Prussia  made  the  inspection  of  the  power 
plant  a  part  of  his  tour  of  the  United  States.  His  official 
host  was  "Fighting  Bob  Evans."  Among  others  whose 
names  occur  to  me  are  Theodore  Roosevelt  (while  governor 
of  New  York),  Admiral  Sampson,  General  Joe  Wheeler, 
Andrew  Carnegie,  J.  P.  Morgan,  Duke  of  Marlborough. 
These  are  only  a  small  fraction  of  the  names  that  could  be 
given  of  men  known  to  fame  who  have  been  attracted  to 
Niagara  by  the  double  magnet  of  the  world's  greatest  arti- 
ficial wonder  situated  alongside  of  the  world's  greatest  na- 
tural wonder.  It  is  no  small  privilege  to  have  been  so  situa- 
ted as  to  come  into  contact  with  such  men. 

I  find  that  the  impression  is  more  or  less  prevalent  that 
the  Niagara  power  plant  has  had  more  than  its  share  of 
troubles.  That  there  have  been  minor  difficulties  no  one  will 
deny,  but  that  there  have  been  more  than  might  reasonably 
have  been  expected,  taking  into  consideration  the  character 
of  the  plant  and  the  magnitude  and  newness  of  some  of  the 
problems  encountered,  is  emphatically  not  true.  The  record 
of  this  plant  for  continuity  of  service  both  on  the  local  and 
on  the  long  distance  loads  is  such  as  to  uphold  this  state- 
ment. 

The  real  criterion  too  of  a  plant's  success,  at  least  from 
an  engineering  standpoint,  is  this  ability  to  give  continuous 
service.  Some  accidents  have  happened,  of  course,  but  re- 
covery from  their  effects  has  always  been  rapid.  Then  too 
an  accident  to  the  Niagara  plant  is  always  advertised  more 
widely  than  in  another  plant  on  account  of  its  prominence. 
Another  disadvantage  in  this  respect  is  the  fact  tlvat  cqw- 
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brackets,  each  bracket  capable  of  carrying  four  cables.  The 
distance  between  the  inside  ends  of  these  brackets  was  ap- 
proximately two  feet.  The  four  cables  to  the  Pittsburgh 
Reduction  Co.  were  of  950,000  cm.,  about  one  and  one-half 
inches  in  diameter  over  all,  and  weighed,  including  lead-cov- 
ering, approximately  five  pounds  per  foot.  They  were  car- 
ried on  one  of  the  above  tiers  of  brackets.  A  heavy  short 
occured  at  Pittsburgh  Reduction  Go's,  end  of  these  cables. 
After  the  short  the  outside  cable  throughout  the  whole 
2000  feet  of  its  length  in  the  tunnel  was  found  on  the  next 
lower  tier  of  brackets  on  the  opposite  side  of  the  tunnel  and 
the  job  was  almost  as  neatly  done  as  if  a  gang  of  men  had 
made  it  their  special  business. 

On  another  occasion,  a  short  at  a  time  when  six  ma- 
chines were  running  in  parallel  gave  a  repulsion  on  a  section 
of  the  bus  bar  so  great  as  to  leave  it  bent  out  of  its  former 
straight  line  about  three  or  four  inches.  At  this  point  the 
bus  bar  consisted  of  a  solid  copper  rod  one  inch  in  diameter 
and  the  supports  were  only  five  feet  apart.  The  bar  of  op- 
posite polarity  was  twenty-four  inches  away.  It  would  take 
a  powerful  blow  from  a  heavy  sledge-hammer  to  produce  the 
same  result  mechanically,  The  amount  of  current  necessary 
to  produce  this  repulsion  under  these  conditions  must  have 
been  some  where  between  100,000  and  200,000  amperes.  If 
this  were  equally  divided  among  the  six  generators  each 
would  have  to  supply  from  20  to  40  times  the  normal  full- 
load  current. 

Nor  did  all  the  repulsion  effects  occur  on  the  outside 
circuits.  The  repulsion  effect  on  the  windings  of  the  arma- 
ture was  even  more  severe  than  that  on  the  circuits  outside 
the  armature,  and  presented  a  far  more  difficult  problem. 
The  distortion  of  the  armature  windings  due  to  the  heavy 
repulsion  effects  was  sufficient  to  cause  considerable  damage 
to  the  insulation.  In  these  machines  this  effect  of  electro- 
magnetic repulsion  in  armature  windings  became,  for  the 
first  time,  a  factor  to  be  rdtkoned  with. 

Today,  no  designer  thinks  of  laying  out  a  large  machine 
without  carefully  considering  the  matter  of  proper  bracing 
in  the  armature  winding.  In  a  large  machine  there  is  a 
considerable  amount  of  energy  existing  as  magnetic  flux  set 
up  by  the  field.     Under  a  condition  of  short-circuit,  this  ew- 
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of  the  accidents  to  the  Buffalo  Une  were  caused  by  cats,  and 
some  have  actually  gone  so  far  as  to  ask  for  an  explanation 
as  to  exactly  "why  the  electricity  in  a  cat's  fur  should  be 
so  antagonistic  to  that  in  a  dynamo?"  There  is  the  barest 
germ  of  truth  in  these  cat  stories,  in  that  two  shut-downs 
of  the  Buffalo  line  were  caused  by  those  animals.  There 
^as  a  considerable  number  of  rats  in  and  about  the  plant  and 
a  few  cats  were  kept  for  their  benefit.  One  night  a  short 
occurred  on  the  Buffalo  for  which  no  reason  could  be  assign- 
ed until  the  body  of  one  of  these  cats,  burnt  almost  to  a 
cinder,  was  found  between  one  of  the  high-tension  choke 
coil  terminals  and  ground.  On  another  occasion  a  cat  climb- 
ed one  of  the  transmission  poles  some  ten  or  fifteen  miles 
from  the  Niagara  end  and  in  some  manner  got  its  body  be- 
tween two  of  the  conductors  although  they  were  at  this 
point  24  inches  apart.  A  short-circuit  resulted  causing  a 
brief  shut-down  of  the  line.  Signs  of  an  arc  on  the  trans- 
mission conductors  and  the  cat's  burned  body  on  the  ground 
underneath,  were,  in  our  minds,  sufficient  evidence  to  convict 
the  cat.  The  newspaper  men  got  hold  of  this  last  incident 
and  the  fame  thereof  spread  abroad,  evidently  growing  as 
it  spread;  for  some  six  months  later  someone  sent  me  a 
chpping  from  an  Enghsh  paper  pubhshed  in  Hong  Kong  des- 
cribing an  accident  to  the  Niagara  transmission  Une  due  to 
a  cat  which  resulted  in  depriving  the  whole  of  western  New 
York  of  power  for  hours. 

On  the  Niagara  line,  as  has  also  been  noted  on  almost 
all  other  hnes,  a  defective  insulator  would  often  set  fire  to 
the  top  of  the  pole,  usually  at  the  point  where  it  is  joined 
by  the  cross-arm.  On  one  occasion  this  happened  to  one  of 
our  poles  that  stood  near  a  farmer's  house.  Upon  seeing 
the  burning  pole  the  farmer  secured  a  small  pail  of  water, 
climbed  the  pole  and  put  out  the  fire.  Just  how  he  escaped 
getting  killed  in  the  operation  is  more  than  I  have  ever  been 
able  to  understand. 

The  right  of  way  of  the  transmission  line  was  entirely 
cleared  of  trees  very  shortly  after  starting  the  hne.  Dur- 
ing the  progress  of  this  work  a  peculiar  accident  happened. 
A  rather  crooked  branch  free  of  small  limbs  lay  on  the 
ground  near  where  the  woodmen  were  felling  a  tree.  When 
the  tree  fell  it  struck  one  end  of  this  crooked  branch  in  sviciv 
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former.  The  phenomenom  is  due  to  the  fact  that  a  trans- 
former on  being  disconnected  from  the  circuit  may  still  have 
a  very  high  "magnetic  set".  The  magnetic  circuit  being  an 
entirely  closed  one,  a  slight  residual  magnetic  force  leaves 
a  large  residual  magnetic  flux.  On  being  reconnected  to  the 
circuit,  if  the  first  impulse  of  current  tends  to  cause  a  mag- 
netic flux  in  the  same  direction  as  the  residual,  evidently 
the  iron  is  forced  far  beyond  the  saturation  point  and  in 
consequence  an  excessively  large  momentary  magnetizing 
current  is  taken.  This  condition  is  one  which  corrects  it- 
self rapidly  and  entirely  disappears  after  a  few  alternations. 
It  is  also  a  condition  which  does  not  appear  every  time  the 
transformer  is  connected  to  the  line,  since  the  effect  de- 
pends upon  the  point  of  the  voltage  wave  at  which  the 
transformer  is  disconnected  as  well  as  that  at  which  it  is 
reconnected. 

The  large  Buffalo  transmission  transformers  showed 
this  effect  to  a  large  degree.  Sometimes  the  closing  of  their 
switches  would  show  no  effect  whatever  and  at  others  there 
would  be  a  tremendous  jar  and  shock  as  if  they  had  been 
struck  with  a  huge  sledge-hammer.  That  there  was  a  con- 
siderable mechanical  shock  on  these  occasions  was  shown 
by  the  fact  that  great  clouds  of  dust  inside  the  transformer 
would  be  loosened  up  whenever  it  occurred.  This  effect  is 
one  which  is  the  more  noticeable  on  low  frequency  trans- 
formers, since  it  requires  the  iron  to  be  worked  fairly  well 
up  towards  magnetic  saturation,  as  is  the  case  in  low  fre- 
quency transformers  only. 

Another  incident  noted  in  connection  with  these  trans- 
formers is  possibly  worth  repeating.  On  a  number  of  oc- 
casions it  was  reported  that  upon  throwing  in  the  trans- 
formers, sparks  and  other  indications  of  danger  were  seen. 
On  at  least  one  occasion  the  transformers  were  pulled  off 
the  circuit  with  the  full  expectation  of  finding  them  burned 
out.  However,  rigid  tests  were  applied  without  finding  the 
slightest  indication  of  trouble.  By  observation  the  cause 
was  finally  determined.  When  throwing  on  the  transform- 
ers under  some  conditions  the  change  in  magnetic  flux  is 
very  rapid  during  the  first  instant  of  connection.  The 
laminated  iron  of  the  transformer  itself  forms  a  secondary 
in  which  a  voltage  is  generated.     Under  normal  eoivdiWow^ 
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there  is  ample  insulation  between  these  laminae  to  prevent 
a  current  flowing,  but  under  the  excessive  strain  that  same- 
times  occurs  at  the  instant  of  connection,  this  i>artially  in- 
sulated circuit  breaks  down,  thereby  giving  rise  to  the  effect 
noted.  After  one  knows  all  these  things  they  seem  perfect- 
ly simple  and  natural,  but  before  that  they  are  sources  of 
much  anxiety. 

The  primary  object  of  this  paper  has  been  simply  an 
account  of  some  of  the  more  interesting  events  that  happen- 
ed at  the  Niagara  plant  during  my  sojourn  there.  These 
are  simply  a  few  of  the  incidents  of  operation  that  (me  is 
sure  to  get  in  such  a  plant.  It  is  the  integration  of  such 
items  that  makes  experience. 


Pre«eot«<i  at 
Pittabunrh  Monthly  Meeting 
Febntary  19.  1916 


REVIEW  OF  SAFETY  WORK  OF  THE  A.L&  S.E.E. 


Bt  W.  T.  SNYDER 


We  are  certainly  pleased  to  see  the  large  attendance 
here  this  evening.  We  regret  very  much  to  announce  that 
Mr.  L.  H.  Burnett  could  not  take  his  part  on  the  programme 
this  evening  on  account  of  illness,  and  he  asked  me  to  ex- 
press to  you  his  sincere  regret  at  not  being  able  to  be  here. 

The  subject  that  we  have  chosen  for  our  meeting  this 
evening  is  one  that  this  Association  has  been  active  in  ever 
since  its  beginning ;  in  fact  the  Association  of  Iron  &  Steel 
Electrical  Engineers  was  among  the  first  in  the  field  of  or- 
ganized safety  work  in  the  Iron  and  Steel  Industry.  We 
have  the  distinction  of  having  been  instrumental  in  launch- 
ing, at  our  Milwaukee  convention  in  1912,  what  is  now  the 
National  Safety  Council. 

I  have  here  a  resolution  that  I  tore  out  of  the  Proceed- 
ings of  that  Safety  Congress.  In  1912,  there  was  held  what 
was  termed  the  first  Co-operative  Safety  Congress.  In  con- 
nection with  the  Convention  of  our  Association,  there  was 
called  together  through  the  efforts  of  our  Safety  Commit- 
tee, the  men  who  were  at  the  head  of  safety  and  welfare 
work  of  the  industries  of  the  country,  the  transportation 
systems,  etc.,  and  from  the  gathering — that  co-operative 
safety  congress — was  started,  as  I  said,  the  National  Safety 
Council.  That  is  something  that  very  few  of  the  guests, 
probably,  are  aware  of,  and,  no  doubt,  a  number  of  our  mem- 
bers have  forgotten  it ;  so  I  will  read  this  resolution  that  was 
adopted  by  our  Association : 

"WHEREAS,  The  Association  of  Iron  &  Steel  Electrical  Engin- 
eers regarding  as  worthy  of  particular  attention  the  hazards  to  life 
involved  in  electrical  operations  in  steel  mills,  and  appreciating  the 
importance  of  the  General  Safety  Movement  not  only  in  electrical  en- 
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Electrical  Engineers.  In  order  to  show  their  appreciation  of 
the  work  of  the  Association  of  Iron  &  Steel  Electrical  Engin- 
eers, the  following  was  communicated  to  this  Association  by 
the  chairman  of  the  above  committee: 

"To  the  Association  of  Iron  &  Steel  Electrical  Engineers: 

It  is  appropriate  before  final  adjournment  of  the  Congress,  which 
was  made  possible  by  your  initiative  and  has  been  made  successful 
by  your  energy,  to  make  a  formal  statement  of  the  results  of  the  de- 
liberations of  the  committee  requested  by  you  to  undertake  the  further 
development  of  the  idea. 

Your  committee  has  carefully  discussed  the  situation  which  con- 
fronts the  movement.  After  this  consideration,  conclusions  were 
reached  which  may  be  stated  as  follows: 

let.  That  a  new  organization  along  lines  similar  to  existing  or- 
ganizations which  make  the  subject  of  safety  in  industry  a  part  of 
their  program  is  inexpedient. 

2nd.  There  is  need  and  opportunity  for  a  co-ordinating  body  which 
shall  serve  for  future  congresses  and  safety  exhibits,  the  same  func- 
tion which  the  electrical  engineers  have  served  in  the  present  case. 

3rd.  That  your  committee  will  undertake  to  act  as  such  a  Na- 
tional Council  for  Industrial  Safety,  adding  to  their  number  from  time 
to  time  representatives  of  such  other  bodies  as  concern  themselves 
with  its  problems. 

4th.  That  the  National  Council  will  begin  at  once  to  formulate 
plans  for  a  1913  Congress. 

5th.  That  consideration  shall  at  once  be  given  to  the  promotion 
of  an  International  Congress  on  Industrial  Safety,  at  the  Panama 
Canal  Exposition  in  1915.  As  the  first  step  in  carrying  out  the  con- 
clusions stated  above,  the  Council  has  organized  by  electing  tlve  follow- 
ing officers:  Chairman,  Ferd  C.  Schwedtman,  National  Association  of 
Manufacturers;  Vice  Chairman,  Lew  R.  Palmer,  Iron  &  Steel  Electri- 
cal Engineers;  Acting  Secretary,  Lucian  W.  Chaney,  U.  S.  Bureau  of 
Labor. 

Finally  the  newly  constituted  body  directed  that  there  be  placed 
on  record  its  great  appreciation  of  the  services  rendered  by  the  Asso- 
ciation of  Iron  &  Steel  Electrical  Engineers,  both  in  promoting  the 
present  congress,  and  to  the  general  cause  of  industrial  safety. 

Lucian  W.  Chaney, 

Chairman/' 

In  order  to  show  that  they  still  have  a  feeling  of  grati- 
tude towards  our  Association,  the  National  Safety  Council 
at  its  Fourth  Annual  Congress  in  Philadelphia,  last  October, 
passed  a  resolution  electing  to  honorary  membership  in  their 
body,  our  Association,  in  recognition  of  the  services  rendered 
in  launching  their  organization.    The  following  letter,  from 
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the  National  Safety  C!ouncil,  was  addressed  to  our  presideiity 
0.  R.  Jones: 

"I  now  take  pleasure  in  giving  you  this  formal  notice  that  at  tiie 
Annual  Meeting  of  Members  of  the  National  Safety  GoancU,  held  at 
Philadelphia,  October  19,  1915,  your  Association  was  elected  to  Etonor* 
ary  Membership  in  the  National  Safety  Council.  This  action  was 
taken,  we  believe,  as  an  expression  of  appreciation  of  the  invaluable 
services  of  your  Association  to  the  Safety  Cause,  and  aa  a  recognitioD» 
in  a  measure,  of  the  debt  the  Council  owes  to  your  Association  for  its 
present  existence. 

We  all  look  upon  your  Association  as  the  "father  and  mother^  of 
the  work  being  conducted  by  the  National  Safety  Council. 

With  kindest  regards  and  best  wishes  for  the  continued  auocen 
of  your  Association's  work,  I  remain, 

Sincerely  yours, 

W.  H.  Cameron, 


II 


The  National  Safety  Council  is  now  composed  of  mine 
than  twenty  local  councils  in  the  principal  cities  of  the  Unit- 
ed States.  Its  influence  is  felt  in  practically  all  of  the  in- 
dustries, and  I  was  just  informed  by  Mr.  Palmer  that  the 
membership  of  the  National  Safety  Council  represents  al- 
most ten  million  workmen. 


P  reseated  at 

Pittebarsh  Monthly  Meeting 

March  18.  1916 


THE  USE  OF  CENTRAL  STATION  POWER  SERVICE 

IN  STEEL  MILLS 


By  JOS.  Mckinley 


The  past  few  years  have  shown  a  great  increase  in  the 
use  of  electric  power  in  steel  mills,  and  a  rapid  develop- 
ment in  the  Central  Stations  of  the  country. 

Statistics  show  that  in  the  Iron  and  Steel  Industry 
there  was  in  use  in  1904  primary  power  in  the  amount  of 
2,422,577  h.p.,  and  in  1914  this  had  increased  to  4,120,000 
h.p ;  an  increase  of  70%.  During  the  same  period,  the  horse 
power  in  electric  motors  in  the  same  industry  had  increased 
from  306,868,  to  1,540,000;  an  increase  of  400%.  That  is 
to  say,  in  1904,  12.7%  of  the  total  horse  power  in  the  in- 
dustry was  in  electric  motors,  and  in  1914,  37.5%  of  the 
total  horse  power  was  in  electric  motors.  During  the  ten 
year  period  from  1902  to  1912,  the  Central  Station  plant 
rating  had  increased  from  3,000,000  horse  power  to  11,000,- 
000  horse  power;  an  increase  of  266%. 

The  increase  in  the  use  of  motor  drive  in  the  steel  mills 
is  due  to  the  use  of  machinery  for  handling  materials,  such 
as  hoists,  cranes  and  haulage  in  the  operation  of  which  ma- 
chinery motor  drive  had  a  great  advantage  in  economy  of 
power  transmission  and  control,  and  also  in  the  displacement 
of  the  steam  prime-movers  in  the  operation  of  the  various 
types  of  rolling  mills  due  to  many  advantages,  among  which 
may  be  mentioned : 

Low  maintenance  costs. 

Superior  speed  regulations. 

Greater  tonnage  output  and  better  quality  of  output. 

Economy  in  power. 

Economy  in  power  transmission. 

Saving  due  to  less  interruption. 
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mum  load  sustained  for  a  given  period  of  time,  as  shown  on 
the  recording  wattmeter.  The  latter  is  the  method  in  most 
general  use,  and  the  one  adopted  in  this  paper.  The  operat- 
ing time  is  taken  as  8,760  hours  per  year. 

Example  illustrating  method  of  determining  Load  Fac- 
ton :  A  maximum  sustained  load  of  1,000  kilowatts  is  shown 
by  a  recording  wattmeter  placed  in  a  certain  installation, 
and  the  kilowatt  hours  as  measured  by  kilowatt-hour  meter 
found  to  be  2,628,000  for  a  period  of  one  year.  The  load 
factor  of  this  installation  is  2,628,00(?  divided  by  8760x1,000- 
=30%. 

Diversity  factor  of  a  power  station  is  the  quotient  ob- 
tained by  dividing  the  sum  of  the  individual  maximum  de- 
mands of  the  installation  served  by  the  station  by  the  maxi- 
mum demand  of  the  power  station.  To  illustrate,  let  us  sup- 
pose that  a  power  station  has  a  maximum  demand  of  800 
kilowatts  as  shown  by  a  recording  wattmeter,  and  that  it 
supplies  four  consumers  having  maximum  demands  of  100 
kilowatts,  200  kilowatts,  300  kilowatts  and  400  kilowatts  res- 
pectively. Then  the  diversity  factor  is  100  plus  200  plus 
300  plus  400,  divided  by  800,  or  equals  125%. 

Load  factor  affects  both  the  fixed  and  the  operating 
charges  per  kilowatt-hour  output  of  the  station.  The  high- 
er the  load  factor,  or  the  greater  the  kilowatt-hour  output, 
the  less  is  the  fixed  charge  per  kilowatt-hour  output.  The 
operating  charges  are  affected  by  the  load  factor,  for  the 
reason  that  the  higher  load  factor,  the  higher  the  average 
load,  hence  greater  eflSciency  of  plant. 

Increasing  the  diversity  factor,  it  is  seen,  obtains  for 
the  Central  Station  a  lower  required  station  '^^pacity  per 
kilowatt  of  installation  served,  hence  reduces  the  fixed 
charges  per  kilowatt  served.  Its  increase  also  will  mean 
an  increase  in  the  load  factor  of  the  station.  To  illustrate 
the  possibilities  of  improving  the  stations  diversity  factor, 
I  might  quote  some  figures  compiled  by  Mr.  Insul,  of  the 
Commonwealth  Edison  Company  of  Chicago:  "If  the  rail- 
roads in  Chicago  districts  should  be  electrified,  they  would 
add  125,000  kilowatts  to  the  present  load,  and  that  one  sys- 
tem would  be  obliged  to  carry  728,000  kilowatts  if  no  ac- 
count were  taken  of  the  diversity  factor.  Owing  to  the 
over-lapping  peaks,  however,  the  service  could  be  rendered 
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er  than  that  possible  to  obtain  in  small  plants,  such  as  would 
be  required  in  the  average  steel  mill.  By  increasing  its 
size,  taking  on  more  consumers  of  a  diversified  nature,  and 
improving  of  load  factor,  these  costs  must  continue  to  go 
down. 

The  transmission  of  the  energy  by  the  Central  Station 
from  its  power  plant  to  its  consumers  to  introduce  a  cost 
which  the  isolated  plant  does  not  have.  It  is  also  this  link 
in  the  Central  Station's  system  which  in  the  past  has  been 
looked  upon  by  many  consumers  as  a  very  likely  place  to 
develop  serious  trouble.  Transmission  costs  will  be  affect- 
ed by  load  factor  and  diversity  factor  much  the  same  way 
as  the  generating  costs.  The  distance  energy  is  transmitted 
will  also  vary  the  cast.  Serious  commercial  difficulties  pro- 
hibit adopting  any  arrangement  which  would  take  distance 
into  account  in  rates.  Of  course,  no  company  is  obliged  to 
extend  its  lines  such  a  distance,  and  through  an  unproduc- 
tive district,  as  would  make  the  deUvery  of  current,  at  the 
rates  prevailing,  unprofitable.  In  such  case  it  is  possible  to 
arrange  for  such  consumers  to  build  their  own  Unes  under 
the  supervision  of  the  company,  and  in  the  event  of  revenue 
derived  from  those  supplied  from  this  line  reaching  a  de- 
termined amount,  then  the  hne  is  taken  over  by  the  Central 
Station. 

Great  improvements  have  been  made  in  transmission 
apparatus  and  material,  which  enables  us  to  transmit  eco- 
nomically, and  supply  at  high  voltages  large  amounts  of 
power. 

Consumers  are  now  connected  to  transmission  lines  and 
distributing  lines.  Precautions  must  be  taken  in  case  of 
consumers  connected  to  the  transmission  line.  Attendants, 
skilled  in  the  handling  of  high  tension  switching  apparatus, 
are  required  and  all  apparatus  must  be  kept  under  dose  in- 
spection in  order  to  arrest  outages  of  the  system. 

Large  and  important  installations  are  connected  to  a 
so-called  ring  feed  system,  or  have  two  separate  circuits  in- 
stalled. The  ring  feed  may  be  used  where  a  customer  is 
located  on  a  transmission  line  connecting  two  sources  of 
power.  In  this  arrangement  the  line  is  looped  into  the  con- 
sumer and  permits  his  taking  power  from  either  end  of  the 
line.    In  case  of  use  of  two  circuits,  double  throve  ^^\\riiv^"Sk 
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The  fact  that  the  load  is  characterized  by  extreme 
peaks  would  indicate  that  this  load  can  be  handled  more 
economically  by  the  Central  Station  with  its  larger  units, 
than  by  the  comparatively  small  units  in  use  in  the  steel 
mills. 

Ccmdusioiis 

1.  The  Central  Station's  position  in  the  field  of  indus- 
try is  permanent.  Its  sole  business  is  the  manufacture  and 
the  sale  of  electric  current.  Its  business  is  conducted  on  a 
large  scale  and  enables  it  to  adopt  methods  of  refinement 
for  improved  efficiency  and  service  which  would  be  impracti- 
cal in  small  plants. 

2.  Unless  the  fuel  is  a  by-product,  the  industrial  plant 
cannot  compete  with  the  Central  Station. 

S.  The  manufacture  of  electrical  energy  being  the  sole 
business  of  the  Central  Station,  its  costs  are  accurately  de- 
termined. 

4.  The  use  of  Central  Station  Service  eliminates  the 
investment  of  capital  in  land  and  building  from  which  there 
is  no  direct  production. 

5.  The  Central  Station  can  maintain  better  voltage 
regulations,  and,  on  account  of  size  of  units  and  the  diversity 
of  their  load,  can  absorb  high  peaks. 

6.  The  Central  Station  can  supply  increased  power  re 
quirements  at  lower  rates,  where  the  reverse  is  usually  the 
case  of  the  small  isolated  plants. 

7.  The  use  of  the  Central  Station  insures  the  cost  of 
the  customer's  power.  The  cost  of  power  suppUed  by  isolat- 
ed plants  will  vary  with  the  price  of  fuel  and  the  character 
of  maintenance  provided. 

8.  The  use  of  Central  Station  power  permits  space  to 
be  used  for  productive  purposes,  which  would  otherwise  be 
required  for  power  house. 

9.  It  reduces  the  cost  of  administration. 

10.  It  reduces  the  cost  of  reliability  insurance. 

11.  It  eliminates  the  smoke  nuisance. 

12.  It  provides  for  a  continuous  supply  of  power  at  all 
times. 
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bines  that  have  been  in  operation  for  over  a  year  in  the  74th 
Street  Power  House  of  the  Interborough  Rapid  Transit  Co. 
This  installation  set  a  new  mark  for  reliability  on  the  one 
hand,  and  economy  on  the  other.  The  turbines  went  into 
service  without  any  interruptions  and  substantially  continu- 
ous service  has  been  available  from  all  of  these  machines 
since  that  time.  Very  careful  tests  have  been  carried  out 
showing  an  unprecedented  steam  consumption,  all  guaran- 
tees  having  been  fulfilled. 

The  feature  of  construction  of  these  machines  is,  as  has 
been  mentioned  above,  the  carrying  out  of  the  steam  expan- 
sion in  two  separate  cylinders,  each  of  which  is  considerably 
smaller  than  though  the  whole  expansion  were  carried  out 
in  one  cylinder,  eliminating  the  engineering  difficulties  due 
to  the  size  of  a  single  structure,  which  difficulty  would  be 
greatly  augmented  by  the  greater  temperature  range  which 
would  exist  in  a  single  structure.  The  high  pressure  ele- 
ment expands  steam  from  boiler  pressure  to  about  14  pounds 
absolute,  the  low  pressure  element  expanding  the  steam 
from  the  latter  pressure  to  that  of  the  condenser. 

In  the  case  of  the  Duquesne  Light  installation,  with 
40,000  kw.  load,  the  work  done  by  the  generators  will  be 
equally  divided.  With  loads  higher  than  this,  the  propor- 
tion carried  by  the  low  pressure  element  will  slightly  pre- 
dominate, while  with  lesser  loads  than  40,000  kw.,  the  re- 
verse would  be  the  case. 

Regulating  mechanism  is  provided  on  the  high  pressure 
element  only,  the  low  pressure  converting  into  useful  energy 
all  of  the  steam  delivered  to  it  from  the  high  pressure  tur- 
bine. 

The  high  pressure  turbine  operates  at  a  speed  of  1800 
r.p.m.,  and  the  speed  of  the  low  pressure  is  1200  r.p.m. 

I  do  not  know  that  I  am  able  to  add  very  much  to  Mr. 
McKinley's  remarks  on  the  matter  directly  under  discussion, 
namely,  "whether  steel  works  should  buy  their  energy  from 
central  stations  or  employ  a  power  plant  of  their  own  ?"  A 
good  reason  for  that  is  that  I  have  had  no  opportunity  to 
consider  which  way  we  would  sell  the  most  turbines. 

I  would  like  to  repeat  a  remark  that  I  made  on  a  pre- 
vious occasion,  that  is,  "you  gentlemen  that  are  engaged  m 
the  management  of  power  plants  in  connection  with  steel 
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about  reached  the  limit  in  economy,  both  in  steam  consump- 
tion and  fixed  charges.  Of  course  the  larger  the  machine 
the  better  is  the  economy,  but  in  units  of  greater  than 
30,000  kw.  the  gain  from  this  cause  is  slight,  so  improve- 
ment in  the  boiler  house  management  and  the  more  careful 
handling  of  auxiliaries,  or  at  all  events  things  extraneous  to 
the  main  turbine  unit,  must  be  looked  to  as  the  source  of 
further  improvement. 

I  do  not  think  there  is  any  doubt  but  that  the  next 
move  in  this  direction  will  be  by  means  of  high  steam  pres- 
sures, and  I  venture  the  prophecy  that  within  two  or  three 
years,  powerhouses  will  be  under  construction  with  their 
boilers  arranged  to  operate  with  600  lbs.  steam  pressure. 

A  study  of  the  theoretical  possibilities  of  operating  such 
pressures  is  somewhat  startling.  If  we  put  the  same  B. 
t.  u.'s  into  steam  generated  at  600  lbs.  as  is  required  for  200 
lbs.  pressure  and  200^  superheat,  which  latter  condition  is 
about  the  maximum  operating  condition  as  to  pressures  and 
temperatures,  regularly  employed  today,  we  will  have  steam 
at  600  lbs.  pressure,  superheated  about  130*^.  It  will  be 
found  that  in  expanding  this  steam  adiabatically  to  an  abso- 
lute pressure  of  one  half  pound  per  square  inch,  there  is 
theoretically  13.6%  more  energy  to  be  obtained.  This, 
without  any  increase  of  heat  content  in  the  initial  steam. 

Of  course  the  turbine  is  not  going  to  avail  itself  of  all 
this  13%.  In  the  first  place  the  fluid  friction  throughout 
the  turbine  will  be  greater  because  on  one  hand  of  the  in- 
creased density  of  the  medium  in  which  operate  the  high 
pressure  elements  and  on  the  other  there  will  be  a  greater 
precipitation  of  moisture  throughout  the  expansion  through 
the  low  pressure  elements.  The  exhaust  will  contain 
in  a  theoretically  perfect  engine  25%  of  moisture  and  in 
practice  about  15%.  In  the  second  place,  the  high  pressure 
turbine  elements  will  not  be  as  efl[icient  because  of  the  small 
steam  volumes  involved. 

It  is  of  course  somewhat  of  a  conjecture  how  much  these 
losses  will  amount  to.  It  is  a  fair  assumption,  however, 
that  at  least  five  or  six  per  cent,  betterment  is  to  be  secured 
by  this  means. 

The  natural  question  that  follows  is  concerning  the  boil- 
ers, but  no  doubt  boiler  manufacturers  will  not  lack  tk^  ytat 
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of  electricity  that  the  rates  are  phenomenally  low.  The  sur- 
face and  elevated  railway  rates  there  are  lower  than  the  cost 
of  production,  even  in  large  quantities,  for  private  plants. 
The  transportation  load  in  Chicago  is  about  600,000,000  kw. 
hours  a  year.  Purchasing  it  from  our  large  central  station 
has  enabled  the  Power  Company  (The  Commonwealth  Edi- 
son Company)  to  quote  very  low  rates  to  the  small  consum- 
ers of  power  and  has  been  an  all-around  feature  in  the  re- 
duction of  rates. 

Another  advantage  that  I  should  like  to  emphasize  is  the 
specialization  feature  of  Central  Stations.  I  do  not  think  any 
steel  plant,  unless  it  be  the  U.  S.  Steel  Corporation,  spends 
very  much  time  or  money  in  placing  the  responsibility  of 
power  generation  in  hands  where  they  make  a  constant 
study  of  something  twenty-five  years  in  advance.  That  is 
really  what  the  Central  Station  is  doing.  Very  few  steel 
companies  send  men  abroad  for  little  knowledge  they  may 
gain  on  power  problems,  yet  this  is  something  that  takes 
place  frequently  and  pays  well  in  our  business.  Also,  I 
think  the  Central  Station  has  been  a  great  feature  in  getting 
economies  that  are  now  possible  in  steam  power  develop, 
ment.  We  have  just  heard  about  the  tremendous  reduction 
in  economy  of  large  turbines,  and  I  think  the  machine  people 
agree  that  they  were  largely  driven  into  the  large  units  and 
better  economy  by  the  large  central  stations,  such  as  our 
company  and  your  company  here.  It  has  been  a  wonderful 
progress,  the  Central  Station  having  the  advantage  of  course 
of  being  able  to  use  these  tremendous  large  units  that  have 
been  described. 

Another  question  that  is  vital  with  Central  Stations  is 
the  question  of  rates  and  contracts.  Mr.  McKinley  covered 
that  pretty  much  as  we  see  it.  There  is  one  thing  I  would 
like  to  emphasize:  that  is  the  policy  of  our  company  and 
most  of  the  large  Central  Station  Corporations  is  to  produce 
power  and  sell  it  as  cheaply  as  possible,  giving  the  man  that 
puts  his  money  into  the  investment  a  reasonable  return  for 
his  money.  We  make  reductions  in  rates  without  being 
compelled  to  do  so.  This  has  come  to  be  the  policy  of  every 
large  central  station.  These  reduced  schedules,  after  they 
are  worked  out  by  our  organization,  have  to  be  approved  by 
the  Public  Utilities  Commission,  and  when  once  on  file^  that 
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ity  Commission.  After  a  rate  is  once  established,  no 
change  can  be  made  at  all  without  the  permission  of  the 
commission,  and  if  this  change  in  rate  involves  any  increase, 
the  CJommission  will  not  allow  any  action  at  all  without  pub- 
lishing a  notice  and  an  opportunity  being  given  for  every 
one  interested  to  be  heard,  and  they  certainly  would  require 
the  Central  Station  to  show  them  sufficient  reason  for  the  in- 
crease. The  Public  Service  Commission  of  the  State  of  New 
York  has  been  in  existence  six  or  eight  years.  In  all  that 
time  there  has  been  only  one  increase  in  rates  allowed  and 
that  affected  only  some  small  consumers  and  did  not  affect 
steel  mills  that  happened  to  be  on  that  Station's  service. 

Mr.  McKinley  has  spoken  somewhat  on  the  matter  of 
power  factor.  In  earlier  days,  Central  Stations  paid  little 
attention  to  that,  but  when  they  came  to  putting  in  larger 
installations,  they  found  the  power  factor  was  of  consider- 
able importance  in  the  cost  of  generating  and  distributing. 
Most  utilities  are  using  two-base  rates. 

At  Niagara  Falls,  all  contracts  call  for  90  per  cent  power 
factor  to  be  maintained,  or  in  case  the  power  factor  is  lower, 
the  demand  is  increased  proportionately.  Some  Central 
Stations  use  an  80  per  cent,  power  factor,  and  others  as  low 
as  70.  In  a  steel  mill  proposition,  with  which  I  have  had 
some  experience,  I  have  found  by  the  judicious  use  of  syn- 
chronous motor-generator  sets,  and  in  one  or  two  cases,  ro- 
tary synchronous  condensers,  and  carefully  estimating  the 
motor  sizes,  they  have  been  able  to  increase  the  power  fac- 
tor and  avoid  all  penalty. 

Brent  Wiley:  The  majority  of  central  station  com- 
panies offer  60-cycle  power  and  the  standard  frequency  as 
adopted  by  most  of  the  large  steel  companies  is  25  cycles. 
The  lower  frequency  is  selected  by  the  majority  of  the  steel 
companies  as  standard,  due  to  the  fact  that  more  suitable 
designs  of  low  speed  motors  for  main  roll  drive  may  be 
secured  as  compared  with  the  machines  designed  for  the 
higher  frequency.  Statistic?  show,  however,  that  the  per- 
centage of  slow  speed  motors  selected  for  main  roll  drive 
has  been  reduced  materially  during  the  last  few  years. 
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f  steam,  as  would  be  necessary  in  operation  of  steel  mills 
y  steam  engines,  the  proposition  does  not  seem  to  be  very 
ractical.  In  fact,  under  present  conditions  it  is  a  known 
act  that  there  is  quite  a  percentage  of  the  steam  generated 
1  the  average  plant  that  cannot  be  accounted  for  from  the 
tandpoint  of  useful  work ;  with  higher  steam  pressures  and 
igher  degree  of  superheat,  undoubtedly  these  losses  would 
e  greatly  increased.  Consequently  it  seems  practical  to 
3nsider  that  the  more  you  can  concentrate  the  generation 
f  power  and  transmit  it  by  such  economical  means  as  of- 
jred  by  electric  power,  the  greater  opportunities  there  will 
e  for  increasing  economies  from  a  power  standpoint. 

H.  C.  Fairbank:  The  turbine  business  in  the  year 
915  for  all  manufacturers  was  greater  than  any  year,  with 
le  possible  exception  of  1912.  In  1912,  we  were  selling 
lany  units  of  the  7500,  8000  and  9000  kw.  size.  This  year, 
lost  of  the  Central  Stations  that  purchased  the  7500  and 
[)00  kw.  sizes  in  the  past  are  buying  25,000,  30,000,  and 
/en  45,000  kw.  units.  They  are  selling  that  power  to  some- 
3dy,  and  that  merely  shows  that  the  isolated  plants  are 
Topping  out  and  industrial  plants  are  buying,  to  a  large  ex- 
mt,  central  station  power. 

Of  course,  as  has  been  mentioned,  where  fuel  is  a  by- 
roduct,  as  blast  furnace  gas,  the  proposition  is  more  severe 
)r  the  Central  Station.  It  has  been  quite  universal  to  con- 
der  blast-furnace  gas  to  mean  the  installation  of  gas  en- 
ines.  We  have  been  doing  quite  a  little  investigation  on 
lat  subject  recently,  and  I  believe  that  if  the  steam  turbine 
opersLted  under  favorable  conditions,  that  is  central  station 
mditions,  in  a  steel  plant,  that  it  can  deliver  power  cheaper 
lan  the  gas-engine  plant.  I  believe  there  will  be  quite  a 
eld  for  the  steam  turbines  in  steel  plants  even  where  they 
re  already  contemplating  gas-engine  installations. 

C  S.  Lankton:  Mr.  Fairbanks  raised  a  question.  Can 
le  Central  Station  compete  with  blast  furnace  gas?  I 
ould  like  to  have  Mr.  Menk  say  a  word  on  that. 

C.  A.  Menk:  I  did  not  expect  to  be  called  on,  and 
aven't  prepared  any  tiling.  I  enjoyed  Mr.  McKinley's  paper 
sry  much.  Without  doubt,  the  Central  Power  Station  will 
3  the  next  thing  on  th<*  program,  especially  where  you  need 
3wer  in  a  hurry,  such  as  has  been  outlined.     We  are  on 
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These  things  that  I  have  mentioned  are  all  in  favor  of 
the  ultimate  adoption,  or  ultimate  use,  of  Central  Station 
power  almost  exclusively.  There  is  only  the  one  off-set  to 
that — the  cost  of  distribution.  The  improvement  in  the  art 
of  distributing,  or  transmitting  electric  energy  at  high  volt- 
ages has  reduced  that  difficulty  to  a  minimum.  The  sug- 
gestion has  been  made  that  where  blast-furnace  gas  is  avail- 
able, there  is  no  possibility  of  the  Central  Station  compet- 
ing. I  am  rather  inclined  to  think  that  is  correct,  but  it 
seems  to  me  that  if  the  true  principles  of  economy  be  follow- 
ed, that  power  should  be  generated  at  the  steel  plant  only 
to  the  extent  to  which  it  can  be  generated  by  the  use  of 
blast-furnace  gas.  There  is  no  reason  why  the  power  plants 
of  steel  companies,  and  other  manufacturing  companies, 
that  are  too  good  to  throw  away  and  are  being  operated 
with  a  good  degree  of  economy,  should  not  be  supplemented 
by  being  connected  in  with  a  Central  Station  system  of  dis- 
tribution where  additional  power  is  needed. 

W.  H.  Cogswell:  The  various  gentlemen  this  evening 
have  impressed  you  with  the  fact  that  the  power  companies 
have  an  adequate  power  supply,  well  arranged  contracts  and 
satisfactory  prices.  Let  us  then  consider  the  application  of 
this  power.  We  have  had  considerable  experience  in  the  ap- 
plication of  large  motors  to  steel  mill  drives  and  the  results 
have  been  highly  satisfactory.  I  think  therefore,  it  might 
be  interesting  to  consider  at  this  time  the  use  of  electric 
power  directly  to  the  making  of  steel.  There  is  unquestion« 
ably  a  big  demand  for  high  grade  carbon  and  alloy  steels, 
to  which  the  electric  furnace  is  admirably  suited.  From  the 
latest  reports,  I  understand  that  one  corporation  maldnfir 
electric  furnaces  have  sold  approximately  fifty  five  in  the 
last  year,  in  which  the  average  charging  capacity  is  six  tons. 
These  furnaces  making  approximately  four  heats  per  day. 
represent  a  large  tonnage  in  high  grade  steel  ordinarily 
known  as  crucible  quality.  The  results  obtained  from  the 
operation  of  these  furnaces  have  demonstrated  that  they 
possess  certain  advantages  over  the  crucible  furnace  and 
the  only  limiting  feature  to  the  advancement  of  electric 
steel  making  is  that  of  electric  power.  It  would  seem 
to  me  out  of  the  question  to  expect  any  large  develop- 
ment in  electric  steel  making  if  the  furnace  operator  te  oV 
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their  fij^es  the  large  sums  necessary  for  a  power-house 
iiidtallation,  and  to  set  aside  the  room  required  therefor. 

Heretofore  it  has  been  the  custom  of  steel-miUs  to  in- 
stall only  sufficient  generating  equipment  to  take  care  oi 
their  present  needs,  and  make  additions  in  small  units,  as 
required.  This  has  been  a  great  handicap  so  far,  for,  it  in 
maifing  the  initial  installation  large  units  were  employed, 
with  a  view  to  taking  care  of  additional  needs  in  the  future, 
the  best  argument  of  the  Central  Stations  would  be  over- 
come. 

There  should  be  no  trouble  experienced  in  seUing  power 
to  mills  in  these  times  if  more  intelligible  contracts  were  of- 
fered us,  so  that  we  could  figure  out,  in  advance,  what  any 
future  consumption  would  cost.  Our  managers  are  not  in- 
terested in  load  factors,  diversity  factors,  maximum  de- 
mands, peaks,  etc,  all  they  are  concerned  about  is  the 
amount  and  cost  of  energy  required. 

I  do  not  think  that  the  maximum  demand  meter  has  any 
right  to  be  installed  in  our  mills.  Our  managers  probably 
would  object  to  paying  larger  bills  for  months  having  low- 
er power  consumption  than  the  previous  months. 

A  large  mill  would  give  a  fairly  steady  load  on  the  Cent- 
ral Station  and  should  be  very  desirable,  as  the  load  is  prac- 
tically continuous,  day  and  night,  throughout  the  year. 

As  power  factors  in  modern  steel  mills  average  over  75, 
and  in  some  mills  are  close  to  unity,  there  should  be  no  re- 
strictions as  to  power  factors. 

I  think  we  should  pay  only  energy  charges,  and  not  de- 
mand charges.  In  cases  of  business  depressions  and  mills 
shut  down,  demand  charges  would  be  an  excessive  hardship 
on  the  mills  and  the  Central  Station  should  be  wilhng  to 
stand  part  of  this  hardship.  Central  Stations  are  not  af- 
fected greatly  as  mills  during  business  depressions. 

F.  R  Crosby:  I  do  not  feel  that  there  is  a  great  deal 
I  can  add.  I  would  like  to  see  more  of  the  side  of  the  ques- 
tion discussed  from  the  consumer's  standpoint.  I  think 
there  are  a  good  many  here  that  feel  the  same  way.  The 
electric  manufacturer,  I  think,  must  maintain  a  rather  neut- 
ral attitude  on  this  question.  We  do  not  care  who  buys, 
so  long  as  they  both  buy.  If  I  am  allowed  to  express  the 
opinion,  I  think  the  extension  of  Central  Slatvon  ^q^«  \k5^ 
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Station,  for  possibly  one  ^eat  reason,  and  that  is  we  don't 
have  the  space  to  install  our  own  power  plant,  or  perhaps 
the  space  is  set  aside  for  other  purposes.  I  might  say,  as  a 
matter  of  interest  to  the  Association,  and  also  as  a  testi- 
monial for  Central  Station  power,  that  we  will  probably  con- 
sume this  month  about  1,000,000  kw-hrs. 

S.  C.  Coey :  There  are  two  points  that  interest  me  es- 
pecially, namely:  the  difference  in  the  standard  frequency 
used  and  the  method  used  in  determining  load  factor. 

Two  of  the  speakers  have  already  referred  to  the  differ- 
ence in  frequency  usually  encountered  in  considering  the 
use  of  purchased  power  for  our  own  plant.  Most  of  the  steel 
plants  are  standardized  on  25-cycle,  and  most  of  the  Cent- 
ral Stations  are  standardized  on  60-cycle.  If  we  are  con- 
sidering the  use  of  Central  Station  power  in  existing  steel 
plants  that  use  25-cycle  and  the  Central  Station  is  supplying 
60-«ycle,  there  is  the  added  factor  to  take  into  consideration 
of  changing  this  power  from  the  60-cycle  current  to  25 ;  and 
frequency  changer  sets  have  about  the  same  efficiency  as 
motor  generator  sets,  or  about  85  per  cent,  efficiency.  This 
added  loss  makes  it  hard  to  show  a  saving  even  with  the  big 
unit  the  Central  Station  is  putting  in. 

In  Mr.  McKinley's  paper,  he  defined  the  load  factor  as 
the  average  power  over  the  maximum  recorded  for  a  certain 
assumed  length  of  time.  It  seems  to  me  that  when  he 
came  to  the  per  cent,  of  the  steel  plant,  he  began  to  get 
away  from  that  definition.  He  took  an  installation  that  had 
a  load  of  3000  kw.  and  three  1500-kw.  turbines  installed  and 
gave  an  average  load  factor  for  the  year  of  50  per  cent.  He 
probably  is  figuring  on  an  average  load  for  the  year,  as  I 
understand  it,  of  around  2250  kw.  and  used  his  total  kw. 
capacity  installed  in  arriving  at  his  load  factor.  I  assume 
that  condition,  because  I  happen  to  know  a  large  number  of 
steel  plants  are  running  50  per  cent,  load  factor  and  figur- 
ing it  in  that  manner.  In  going  over  reports  of  Central 
Stations,  I  notice  the  load  factor  in  Central  Stations  in  the 
United  States  runs  between  25  and  30  per  cent,  if  figured 
io  that  manner.  I  just  call  this  to  their  attention  to  show 
what  a  choice  load  a  steel  plant  is  compared  with  electric 
railway,  or  even  ice  plant  load.  We  have  a  load  here  that 
is  a  practically  constant  load  from  Monday  monuxi!S^«  ^  ^\. 
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It  the  gas  is  so  applied,  we  will  generally  find  that  there  will 
oe  a  considerable  production  of  power  as  a  result  ox  direct 
coal  nring  in  plants  ox  any  size,  xx  (Jentrai  iStauon  power 
IS  applied  to  tnose  plants,  it  wiU  be  easy  to  shut  down  one  or 
more  boiler  plants,  and  in  tnat  way  eitect  reducuon  ox  cost 
in  operation. 

11  we  go  into  a  steel  plant  where  mills  are  already  sup- 
phea  witn  engines  in  good  operating  condition  and  simpiy 
supply  an  auxihary  poruon  ox  their  power,  it  is  not  practice 
able  to  make  rates  sucn  that  bteel  compames  can  attord  to 
use  the  power;  but  it  m  maKing  this  apphcation  it  is  pos- 
siDle  to  siiut  down  one  or  more  boiler  plants  and  apply  Cent- 
ral station  power  to  existing  mills  where  the  macninery  is 
pretty  well  deteriorated,  it  ought  to  be  possible  to  make  a 
sutncientiy  large  imtial  installation  so  that  the  whole  plant 
can  earn  a  rate  low  enough  to  warrant  an  instahation. 
Tnere  isn't  much  question  about  the  apphcation  of  Central 
btation  power;  the  question  is  getting  a  start  in  an  exist- 
ing operating  unit 

F.  W.  Funk:  There  certainly  were  a  great  many  inter- 
esting points  brought  up  this  evening.  The  thought  occurs 
to  me,  that  in  getting  down  to  this  rate  matter  and  to  power 
cost,  that  the  most  usual  difficulty  encountered  by  Central 
Station  men  is  to  get  the  steel  man,  or  consumer,  whoever 
he  may  be,  to  take  into  account  all  his  cost.  There  are  a 
great  many  superficial  and  weU-recognized  items  that  are 
taken  in,  but  to  get  him  to  include  all  his  cost,  in  order  to 
get  a  comparative  figure,  that  seems  to  be  the  difficulty. 

J.  S.  Jenks:  In  reference  to  the  apphcation  of*  Central 
Station  power  to  steel  miUs,  I  will  cite  you  one  or  two  cir- 
cumstances with  which  I  am  quite  famifiar.  Today,  Central 
Station  drive  holds  the  world's  record  for  production  on  a 
6-miU  stand,  which  averaged  over  100  tons  per  hour  per 
month.  The  same  steel  mill  has  been  using  Central  Station 
service  with  relatively  high  speed  motor  with  a  gear  for 
over  a  year  which,  to  date,  has  not  worn  to  the  extent  of 
eUminating  the  original  tool  marks.  The  load  factor  on  that 
mill  has  been  improved  by  co-operation  of  the  Central  Sta- 
tion, the  management  and  the  miU  men  to  an  extent  that  no 
other  steel  mill  ha^  ever  reached.  There  was  some  difficulty 
in  the  beginning  because  the  roUers  thougkt  tYve^  ^«^  \ifc- 
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it  that  it  would  not  be  nearly  as  clear  as  the  so-called  two- 
base  rate.  A  flat  rate,  such  as  used  at  Niagara,  in  times  of 
business  depression,  would  swamp  the  average  consumer. 
A  party  entering  into  a  contract  of  that  kind  has  to  assume 
a  risk  of  the  future.  Further,  in  regard  to  the  use  of  waste 
gases  and  heat,  if  the  total  gas  supply  can  be  utilized  in  the 
generation  of  power  and  there  is  no  use  for  it  in  other  de- 
partments of  the  industry,  it  is  very  questionable  whether 
any  Central  Station  could  supply  power  to  compete  with 
that.  If  there  is  an  abundance  of  that  gas,  more  than  the 
requirements  of  the  industry,  it  would  be  a  proper  question 
for  the  Central  Station  to  take  up  the  use  of  the  remaining 
quantity  and  go  the  steel  mill  one  better.  The  only  ad- 
vantage the  Central  Station  claims  is  on  account  of  its  being 
a  monopoly ;  it  has  a  diversity  factor  and  load  factor  that  no 
single  unit  can  enjoy. 
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Pr«seate<l  at 
Pitt^urck  Monthly  Meeting 
April  15.  1916 


LATEST  DEVELOPMENTS  IN  NEW  APPARATUS 

AND  APPLIANCES 


Bt  electrical  development  committee.  A.I.  A  S.E.B. 


W.  T.  Snyder:  The  meeting  this  evening  will  be  under 
the  auspices  of  the  Electrical  Development  Committee,  and 
will  be  directed  by  the  Chairman  of  the  conmiittee.  This 
committee  is  composed  of  men  particularly  qualified  in  dif- 
ferent phases  of  generation,  distribution  and  application  of 
electricity  in  the  iron  and  steel  industry.  It  is  the  function 
of  this  committee  to  be  in  touch  with  the  latei^t  practice  and 
progress  of  the  various  branches  mentioned  and  keep  the 
membership  informed,  and  to  act  as  a  clearing  house  be- 
tween the  members  that  are  doing  things  and  the  members 
that  want  to  know  what  is  being  done.  It  is  not  the  object 
of  this  committee  to  recommend  or  condemn  any  particular 
line  or  make  of  apparatus,  but  rather  to  confine  its  dealings 
and  deliberations  to  fundamentals. 

S.  C.  Coey:  The  method  of  conducting  this  meeting, 
as  regards  papers,  will  deviate  slightly  from  our  regular 
custom,  as  we  are  figuring  on  each  individual  line  of  the  sub- 
ject to  be  covered  by  an  expert  of  that  line.  It  is  the  in- 
tention to  make  each  of  these  talks  as  short  as  possible  and 
to  complete  the  reading  of  the  subjects  before  we  open  the 
meeting  to  discussion.  The  first  talk  of  the  evening  will  be 
on  Prime  Movers  by  Mr.  Breslove. 

Jos.  Breslove:  Within  the  past  few  months  orders 
have  been  placed  by  various  steel  companies  for  about  twen- 
ty large  blast  furnace  gas  engine  units,  an  additional  number 
were  installed  during  the  year  1915,  and  several  are  now  be- 
ing contracted  for.  It  would,  therefore,  appear  that  there 
is  a  revival  of  interest  in  this  form  of  prime  mover  in  con- 
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ency  to  ally  the  blast  furnace  with  the  plant  producing  com- 
mercial shapes,  makes  it  desirable  to  utilize  the  blast  furn- 
ace gas  in  the  most  economical  manner,  which  is  undoubted- 
ly in  the  cylinders  of  gas  engines.  This  factor  is  the  chief 
argument  for  the  gas  engines  now  being  installed  or  con- 
templated. 

The  large  engines  now  on  contract  by  the  Company 
with  which  the  writer  is  connected,  are  both  electric  units 
and  blast  furnace  blowers,  totaling  eighteen  units.  Of 
these,  eleven  units  are  for  the  Indiana  Steel  Company,  Gary, 
Indiana,  and  consists  of  four-44x60  twin  tandem  engines 
direct  connected  to  3000-kw.,  83%  r.p.m.,  25-cycle  alterna- 
tors, and  seven  42-74x54  twin  tandem  gas  engine  driven 
blowers.  Three  units  for  Illinois  Steel  Co.,  S.  Chigaco,  111., 
are  44-78x60  twin  tandem  gas  engine  driven  blowers ;  three 
44x60  twin  tandem  engine  direct  connected  to  3000-kw.  al- 
ternators for  the  National  Tube  Co.,  Lorain,  Ohio,  and  a 
similar  unit  for  the  American  Steel  &  Wire  Co.,  Cleveland, 
Ohio. 

The  Electric  units  are  similar  in  design  to  those  which 
have  been  in  operation  at  various  plants  for  the  past  eight 
years.  The  blowers,  however,  involve  a  new  design  of  air 
end,  a  brief  description  of  which  may  be  interesting.  The 
air  cylinders  have  automatic  plate  valves  throughout  for 
both  inlet  and  discharge,  these  being  of  the  same  general 
type  as  are  used  in  certain  air  compressors.  The  valves  in 
these  engines  are  located  in  belts  around  the  cylinder  at  each 
end  and  arranged  so  that  a  set  consisting  of  one  inlet  and  one 
discharge  valve  can  be  removed  for  inspection  without  dis- 
turbing any  other  part  of  the  cylinder.  This  design  ob- 
viates the  use  of  any  valve  gear  in  the  air  end  which  per- 
mits higher  speeds  than  possible  with  cylinders  which  in- 
volve the  use  of  a  mechanically  operated  gear.  The  higher 
speed  also  permits  a  smaller  engine  for  a  given  service  re- 
sulting in  material  saving  in  the  first  cost  of  the  installa- 
tion. Piston  speeds  of  about  800  feet  per  minute  are  pos- 
sible with  these  engines,  as  against  500-600  feet  per  minute 
with  the  mechanically  operated  gear.  The  cylinder  heads 
contain  an  unloading  device  consisting  of  additional  clear- 
ance space  which  may  be  added  so  that  a  higher  blast  prea- 
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that  the  efficiency  of  the  boilers  under  which  the  blast  furn- 
ace gas  may'  be  burned  is  less  than  unity.  On  the  other 
hand,  there  is  no  reason  why  a  gas  engine  of  average  pro- 
portions should  not  have  a  thermal  efficiency  of  20  to  25% 
from  which  it  is  only  necessary  to  deduct  the  power  con- 
sumed in  gas  washers  and  cooling  water  pumps  to  obtain 
the  net  efficiency  of  the  gas  engine  plant. 

The  author  has  had  considerable  experience  with  the 
modem  steam  turbine  plant  and  is  not  unmindful  of  its  many 
good  points,  neither  does  he  present  the  gas  engine  as  a 
panacea  for  all  steel  mill  ills.  However,  where  blast  furnace 
gas  is  available  and  condensing  water  scarce,  the  gas  engine 
may  be  installed  to  advantage  and  it  should  be  given  careful 
thought  before  deciding  on  the  type  of  prime  mover  that  will 
best  fit  the  situation. 

The  steam  turbine  plant  has  the  advantage  of  low  first 
cost  and  practically  unlimited  capacity  per  unit,  wide  margin 
for  overloads  and  good  steam  economy  over  a  wide  range  of 
load.  On  the  other  hand,  with  insufficient  blast  furnace 
gas,  boiler  operation  will  call  for  coal  storage  and  asb  re- 
moval and  the  operating  economy  is  largely  dependent  on 
the  station  attendants.  The  turbine  condensers  also  call 
for  a  large  quantity  of  cooling  water.  In  order  to  obtain  the 
high  economies  with  which  we  have  become  accustomed  to 
associate  the  steam  turbine,  it  is  necessary  to  use  high  steam 
pressure,  a  fair  degree  of  superheat  and  above  all  things 
high  vacuum.  The  latter  involves  cooling  towers  or  spray 
ponds  where  water  is  scarce.  It  will  bo  admitted  that  the 
combined  plant  calls  for  a  considerable  degree  of  intelligence 
in  its  operation  and  that  a  plant  of  this  character  involves 
many  individual  considerations  to  obtain  the  continued  high 
economy  of  which  it  is  capable.  Pitted  against  the  turbine 
advantages  is  that  of  the  gas  engine  which  requires  no  boil- 
er plant  and  is  always  ready  for  immediate  operation  and  re- 
quires but  a  small  quantity  of  cooling  water.  The  size  of 
the  units  is  limited,  however,  and  the  economy  falls  off  at 
light  loads.  With  the  prevailing  conditions  in  iron  and  steel 
work  and  the  increasing  demand  for  electrical  energy,  it 
would  not  be  surprising  to  see  a  greater  demand  for  blast 
furnace  and  coke  oven  gas  engines  in  the  near  f uture. 
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S.  C.  Coey:  It  is  rather  interesting  to  note  that  the 
special  development  in  the  blowing  unit,  viz.;  the  plate 
valves,  which  have  only  been  brought  to  the  front  in  this 
country  within  the  last  two  or  three  years  have  been  in  use 
in  Europe  for  about  ten  years.  There  are  a  number  of  de- 
velopments that  have  been  in  use  in  the  European  countries 
and  are  just  getting  to  this  country;  one  of  these  being  the 
Iron  Clad  Switch  Board  which  will  be  touched  on  tonight  by 
Mr.  Pauly.  This  should  be  a  very  interesting  feature  to 
the  Association  of  Iron  &  Steel  Electrical  Engineers,  as  it 
contemplates  using  up  some  of  our  product. 

K.  A.  Pauly :  Every  one  who  has  given  the  matter  even 
the  slightest  consideration  must  realize  that  to  the  predomi- 
nating characteristic  of  the  safety  first  idea — ^its  so  evident 
reasonableness — ^must  be  attributed  the  great  force  with 
which  the  movement  has  spread  all  over  the  country. 

Numerous  companies  are  spending  considerable  sums  to 
educate  their  men  along  the  lines  of  safety ;  conmoittees  are 
everywhere  being  formed  to  inaugurate  plans  for  imjiroving 
industrial  conditions ;  and  innumerable  safeguards  are  being 
introduced  wherever  applicable. 

It  is  oftentimes  difficult  or  dangerous  to  make  repairs 
or  changes  back  of  a  live  switchboard,  especially  in  cases 
where  the  space  in  which  to  work  is  limited.  These  features 
are  entirely  eliminated  with  the  safety  first  unit. 

Panels  can  be  obtained  for  the  control  of  generator,  mo- 
tor and  feeder  circuits,  and  are  particularly  adapted  to  plants 
where  electrical  distribution  to  various  buildings  is  made 
from  economically  located  distribution  centers.  The  con- 
struction is  such  that  extensions  can  be  readily  made  or  the 
units  moved  to  other  locations  to  meet  changed  or  new  con- 
ditions. 

All  live  parts  are  enclosed,  and  the  opportunity  for  an 
operator  to  come  in  contact  with  the  circuit  is  practically 
eliminated. 

When  it  is  desired  to  make  tests  on  instruments  or  met- 
ers of  any  unit,  that  unit  can  be  removed  and  another  sub- 
stituted until  the  tests  are  made,  which  obviates  the  need 
of  shutting  down  a  section  of  the  switchboard. 

A  spare  removable  unit  can  be  used  to  reduce  the  time 
of  shut  down  for  ixvspectvoiv  or  repair.    Busbars  need  not  be 
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formers  and  all  adjunct  parts  can  be  removed  entirely  from  ' 
the  installation  by  wheeling  out  the  truck. 

The  side-walls  are  provided  with  hand-holes,  so  that  the 
busbars  and  buswires  can  be  continued  from  unit  to  unit. 
On  the  exposed  walls  of  the  end  units  these  openings  can  be 
closed  by  removable  covers.  Access  to  the  rear  of  a  com- 
partment can  be  had  by  a  two-section  sheet  steel  door. 

To  remove  or  replace  a  switch  unit,  the  oil  switch  must 
be  opened  and  therefore  the  load  disconnected.  This  is  pro- 
vided for  by  an  interlock  attached  to  the  oil  switch  operating 
toggle,  which  engages  cast  lugs  on  the  walls  of  the  station- 
ary unit.  With  the  oil  switch  closed  it  is  impossible  to  re- 
move or  insert  the  truck.  The  value  of  this  feature  needs 
no  discussion. 

The  field  of  application  of  these  units  as  regards  volt- 
age and  current  is  of  course  not  unlimited.  The  voltage 
limit  is  established  at  7500  volts  in  this  design,  which  agrees 
with  that  of  the  ordinary  switchboard  not  using  remote  con- 
trol apparatus.  However,  by  special  design  these  units  may 
be  used  up  to  15,000  volts  and  300  amperes.  The  current  on 
the  main  bus  in  the  stationary  element  is  limited  to  2000  am- 
peres at  60  cycles  and  3000  amperes  at  25  cycles.  The  cur- 
rent capacity  of  the  removable  element  is  limited  to  the  size 
of  the  oil  switches  which  it  seems  advisable  to  use  in  a  struc- 
ture of  the  kind  described — 500  amperes  at  2300  volts  and 
above,  and  800  amperes  up  to  600  volts.  The  present  units 
have  a  single  set  of  buses  only.  A  double  set  would  change 
the  simplicity  of  the  arrangement. 

Removable  safety  first  switchboard  units  can  be  used 
on  single,  quarter,  or  three-phase  circuits. 

S.  C  Coey:  I  know  there  are  a  number  of  questions 
we  would  like  to  ask  about  these  various  points  that  are 
brought  up,  and  I  wish  you  would  all  make  notes  of  any 
special  questions  you  would  like  to  bring  up.  We  will  carry 
the  program  through  and  then,  at  the  end,  we  can  bring  up 
these  questions. 

The  next  subject  for  consideration  tonight  is  Trans- 
formers, upon  which  subject  Mr.  Steele  will  give  some  data. 

H.  G.  Steele:  Late  developments  in  transformers  are 
not  startling.  Transformers  are  so  simple  in  mechanical 
design  and  have  been  so  well  developed  that  Iwj  Ta.dA!c;2\  ^^- 
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'  velopments  are  made  from  time  to  time.  The  improvements 
in  transformers  are  more  in  detail  Probably  everyone  will 
agree  that  a  transformer  is  the  most  rehable  piece  of  elec- 
trical apparatus  manufactured,  having  no  moving  parts  and 
being  entirely  enclosed  in  a  case,  with  very  little  to  get  out 
of  order  if  reasonable  attention  is  given  to  it  once  in  a  while. 

Improvement  in  Self  Cooled  Case — Oil  filled,  self  cool- 
ed transformers  have  been  made  with  very  great  capaci- 
ties but  up  until  recently,  it  was  not  feasible  to  build  sizes 
larger  than  1000-kv-a.  without  some  external  appendages  to 
help  cool  the  transformer,  such  as  radiators  and  tubes. 

These  appendages,  such  as  radiators  and  tubes,  compli- 
cate the  case  design  by  reason  of  the  fact  that  the  case  its- 
elf must  be  drilled  with  many  holes  for  the  openings  to  per- 
mit the  oil  to  circulate  from  the  case  through  the  external 
radiators  and  tubes.  Now,  every  time  a  hole  is  put  in  a 
transformer  case,  one  more  chance  for  oil  leakage  is  per- 
mitted. Therefore,  it  is  highly  desirable  to  have  just  as 
few  openings  into  the  transformer  case  as  possible  below 
the  oil  leveL 

A  further  complication  and  danger  with  the  radiator 
or  tube  type  tank  is  possible  if  the  oil  level  drops  below  the 
radiator  and  tube  openings  in  the  top  of  the  case.  All  ra- 
diation is  stopped  so  far  as  the  radiators  and  tubes  are  con- 
cerned, and  since  the  radiators  and  tubes  are  depended  upon 
and  furnish  practically  all  of  the  cooling,  it  is  plain  that 
tiie  transformer  will  be  in  danger. 

Within  the  last  year  there  has  been  developed  a  trans- 
former case,  having  no  external  radiators  or  tubes,  for  large 
self  cooled  transformers,  of  practically  the  same  construc- 
tion as  tanks  used  on  ordinary  sized  transformers  such  a& 
100  kv-a,  500  kv-a  and  750  kv-a.  This  new  case  is  cooled 
without  the  addition  of  external  appendages  such  as  tubes 
and  radiators,  and  has  been  furnished  in  sizes  as  high  as 
^000  kv-a.  Some  of  this  type  have  been  installed  at  the 
Bethlehem  Steel  Company. 

This  transformer  tank  is  a  plain,  vertical,  corrugated 
case,  without  tubes  and  radiators,  and  without  any  extern- 
al appliances  for  cooling.  Therefore,  the  important  develop- 
ment accomplished  \&  lYie  atoWVc^  \.ci  q,<^V  vinits  larger  than 
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1000  kv-a.  without  the  use  of  radiators,  tubes,  water  cool- 
isjT  or  forced  oil,  and  at  no  increase  in  cost. 

This  development  means  less  compUcation,  less  likeli- 
hood for  leaks  in  the  transformer  case,  because  there  are  no 
extra  holes  in  the  tank,  and  less  danger  from  decreased  oil 
leveL 

High  Reactance — ^There  has  been  a  steady  advance 
towards  higher  reactance  for  transformers.  There  is  on 
the  market  today  a  mill  type  transformer,  specially  designed 
for  steel  mill  service,  one  of  the  features  in  the  design  of 
which  is  a  higher  inherent  reactance. 

Higher  reactance  in  a  transformer  means  durabiUty, 
safety  and  continuity  of  service,  which  seem  to  be  the  first 
three  important  specifications  for  any  piece  of  electrical  ap- 
paratus used  in  a  steel  mill.  In  fact,  inherent  reactance  in 
electrical  apparatus  is  one  of  the  principal  sources  for  pro- 
tecting the  apparatus  itself.  Large  generators  are  being 
installed  with  power  limiting  reactances  for  protection,  and 
the  speaker  would  recommend  that  high  reactance  take  its 
place  in  the  specifications  for  your  transformers  in  equal 
importance  to  regulation,  core  loss,  copper  loss,  etc.,  and  it 
will  not  add  appreciably  to  the  expense  of  a  good  sized 
transformer,  say  500  kv-a  to  2500  kv-a.  units,  to  specify 
that  the  reactance  be  not  less  than  3%  and  up  to  7^4%. 

To  obtain  high  reactance  inherent  in  the  transformers, 
it  has  been  conunon  practice  generally  to  design  for  this  re- 
actance in  the  windings  and  core.  There  has  been  develop- 
ed a  means  for  getting  higher  reactance  without  compromis- 
ing the  design  of  the  windings  and  core.  This  is  in  the  form 
of  a  reactance  coil,  mounted  in  the  top  of  the  transformer 
case  but  external  to  the  windings. 

This  method  adds  very  little  to  the  cost  but  adds  con- 
siderably to  the  durability  of  the  transformer — ^xor  not  only 
does  this  separately  mounted  reactance  add  to  the  inher- 
ent reactance  of  the  transformer,  but  it  tends  to  retard  or 
dam  back  surging  or  the  effects  of  lightning  before  such 
shocks  reach  the  windings  themselves. 

The  reason  this  separately  mounted  reactance  inside 
the  transformer  does  not  add  much  to  the  cost  of  the  trans- 
former is  because  the  case  holding  the  transformer  will  also 
hold  the  reactance  coil,  and  the  same  bushings  that  caxr^  l\y^ 
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current  to  the  transformer  will  also  carry  current  to  the  re- 
actance coil,  which  is,  therefore,  much  cheaper  than  a  react- 
ance mounted  separately  from  the  transformer  case,  which 
would  require  its  own  case  (if  oil  filled),  its  own  bushings, 
and  space  outside  of  the  transformer  to  mount  it. 

This  separately  mounted  reactance  inside  of  the  case 
is  not  a  power  hmiting  reactance,  because  it  is  comparative- 
ly small  in  capacity — but  it  is  a  reactance  that  acts  as  a 
buffer  between  the  line  and  the  ti'ansformer,  tending  to 
choke  or  dam  back  sudden  rises  in  voltage  from  surging  or 
from  lightning. 

This  separately  mounted  reactance  inside  of  the  trans- 
former case  may  be  likened,  in  rough  analogy,  to  a  safety 
valve  on  a  boiler,  because  if  the  shock  which  this  reactance 
is  obliged  to  carry  happens  to  be  too  severe  for  its  capacity, 
the  coil  will  blow  up  but  the  current  will  find  its  way  to 
ground  before  it  reaches  the  transformer  windings  them- 
selves. 

In  the  past  it  has  been  a  most  common  specification  to 
"extra  insulate  the  end  turns  of  the  windings."  Now,  the 
trouble  with  this  is,  if  the  shock  delivered  to  the  windings 
is  so  severe  that  the  end  turns  will  not  stand  it,  then  the  end 
turns  will  break  down,  and  if  the  end  turns  do  break  down, 
the  whole  transformer  is  entirely  out  of  service  and  a  com- 
plete rewinding  is  necessary,  as  a  rule. 

The  difference  between  the  safety  and  durability  of 
extra  insulating  the  end  turns  as  compared  with  placing  a 
separately  mounted  reactance  in  series  with  the  transform- 
er windings  is,  as  stated,  that  if  the  shock  is  too  great,  the 
reactance  coil  may  be  shattered,  but  the  transformer  wind- 
ings themselves  are  protected  and  it  is  a  simple  matter  to 
go  on  operating  by  cutting  out  the  reactance  coil  and  con- 
necting the  incoming  lead  around  the  reactance  coil  to  the 
windings  temporarily  until  a  new  reactance  coil  can  be  secur- 
ed. These  coils  are  cheap  and  may  be  likened  somewhat  in 
practice  to  the  use  of  fuses. 

It  seems  rather  strange,  when  we  look  back  over  the 
development  of  transformers,  that  this  has  not  been  done 
long  ago.  It  is  a  simple,  commonsense  matter,  requiring  no 
laboratory  to  research  it  out,  and  tb.e  very  fact  that  operat- 
ing  companies  are  spewdiwg  large  sums  of  money  to  buy  re- 
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actances  to  protect  generators,  should  make  it  plain  that 
transformers  should  be  likewise  protected,  especially  when 
this  protection  can  be  gotten  without  much  additional  ex- 
pense, as  shown  in  the  development  which  the  speaker  has 
described. 

Transformer  Bushings — In  steel  mill  work,  voltages 
higher  than  22,000  volts  are  seldom  used.  There  are  a 
great  many  installations  as  high  as  22,000  volts.  In  the 
higher  voltages,  which  include  22,000  volts,  the  question  of 
bushings  is  of  great  importance. 

In  a  porcelain  bushing  the  dependence  for  insulation 
is  principally  on  the  thin  glaze  of  the  bushings,  and  shoula 
that  glaze  crack  or  break,  the  bushing  is  dangerous.  Trans- 
former manufacturers  and  users  have  had  plenty  to  think 
about  to' try  to  secure  satisfactory  transformer  bushings. 
Oveat  efforts  have  been  made  to  secure  something  better 
than  porcelain. 

There  has  been  developed  and  in  use  a  type  of  bushing 
that  is  not  porcelain.  The  sample  which  the  speaker  now 
presents  to  you  is  a  bushing  of  molded  insulation,  the  prin- 
cipal substance  of  which  is  mica.  Attention  is  called  to  the 
fact  that  this  bushing  does  not  depend  on  a  thin  glaze  (as 
porcelain)  for  its  dielectric  strength.  This  molded  bush- 
ing is  just  as  good  dielectrically  thxoughout  its  entire  sub- 
stance as  on  the  surface,  so  if  it  is  chipped  or  cracked,  it 
will  not  fail,  as  a  porcelain  bushing  often  does. 

This  bushing  is  much  superior  to  porcelain  in  mechanic- 
al strength.     It  will  stand  more  abuse  and  rough  handling. 

It  will  take  a  thread  the  same  as  a  piece  of  cast  iron 
and,  therefore,  it  can  be  threaded  right  through  the  cover 
and  set  up  with  a  wrench  in  a  thorough  mechanical  man- 
ner. It  is  not  necessary  to  allow  a  clearance  of  ^4"  to  V^" 
in  the  hole  in  the  cover  to  permit  the  shank  of  the  bushing 
to  pass  through,  as  in  porcelain. 

The  space  between  the  shank  of  a  porcelain  bushing 
and  the  hole  in  the  cover  makes  it  necessary  to  provide  a 
flange,  which  must  be  cemented  to  the  porcelain  in  order  to 
close  up  the  opening  between  the  hole  in  the  cover  and  the 
bushing  to  make  the  transformer  weatherproof. 

Therefore,  the  fact  that  this  new  type  of  bushing  may 
be  threaded  and  screwed  right  into  the  cover  eUm\w^^% 
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the  necessity  of  so  many  separate  parts,  as  in  a  porcelain 
bushing. 

Attention  is  called  to  the  fact  that  the  current  carrying 
lead  passing  through  this  mol^d  bushing  is  molded  right 
into  the  material  itself,  so  that  there  is  no  hole  through  the 
center  of  the  bushing,  whereas,  in  a  porcelain  bushing,  it 
is  necessary  to  allow  a  hole  with  sufficient  clearance  to  clear 
the  current  carrying  lead,  and  in  order  to  make  the  bush- 
ing weatherproof,  a  metal  cap  must  be  provided  on  the 
top  of  the  bushing  with  a  weatherproof  petticoat  to  keep  out 
rain. 

This  new  molded  bushing,  therefore,  may  be  sum- 
marized as  being  a  one  piece  bushing,  embodying  the  insulat- 
ing material,  current  carrying  lead,  and  means  for  mount- 
ing it  on  the  cover  to  make  a  weatherproof  job. 

A  porcelain  bushing  mounted  on  a  transformer  requir- 
es several  parts,  namely,  the  porcelain  insulation,  the  cur- 
rent carrying  lead  and  metal  cap,  gasket,  cement,  and  a 
flacge  with  bolts.  All  of  these  parts  add  complication  in 
manufacture  and  are  not  simple  mechanically. 

This  new  molded  bushing  does  not  show  static  at  volt- 
ages as  high  as  100,000,  which  is,  of  course,  a  great  im- 
provement over  porcelain  for  high  voltage  work.  It  elimin- 
ates the  necessity  of  "oil  filled"  or  "condenser  type"  bush- 
ings. 

Terminal  Boards — On  the  inside  of  the  majority  of 
large  power  transformers  there  is  usually  mounted  terminal 
boards  for  voltage  taps.  These  terminal  boards  are  ordin- 
arily made  of  wood. 

A  new  type  of  terminal  board  which  is  now  on  the 
market  eliminates  the  use  of  wood  almost  entirely.  The 
material  used  for  insulation  is  the  same  molded  material  as 
is  used  in  the  molded  bushings  described  above. 

In  addition  to  eliminating  wood  as  an  insulator,  the  new 
terminal  board  mentioned  occupies  less  space  and  is  of 
skeleton  structure,  which  allows  a  freer  flow  of  oil  in  the  top 
of  the  transformer  where  the  oil  is  most  efficient.  The  or- 
dinary wood  terminal  boards  take  up  so  much  space  in  the 
top  of  the  transformer  case  that  they  act  like  a  dam  and 
tend  to  retard  the  flow  ot  oil. 
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Transformer  Oil — ^Transformer  oil  is  not  a  new  sub- 
ject, but  it  occurred  to  the  speaker  that  perhaps  some  points 
on  transformer  oil  would  be  worthy  of  consideration  at  this 
meeting.  In  times  like  the  present,  when  every  plant  is 
being  rushed  and  steel  mills  particularly  are  trying  to  get  all 
the  capacity  possible  from  every  piece  of  apparatus,  it  is  of 
vital  importance  to  watch  the  condition  of  the  oil  in  the 
transformers. 

The  copper  and  steel  in  a  transformer  will  stand  forcing 
better  than  the  oil. 

A  systematic  and  regular  test  of  transformer  oil  in  ser- 
vice is,  of  course,  advisable  at  all  times,  but  when  trans- 
formers are  being  operated  under  very  heavy  duty,  it  is  the 
vital  point  to  watch.  The  samples  of  oil  which  the  speaker 
now  presents  to  you  show  the  process  of  disintegration  from 
perfectly  good  oil  to  extremely  bad  oil. 

Sample  No.  1  shows  new  transformer  oil  in  good  condi- 
tion.   This  is  a  pure,  neutral  mineral  oil  before  any  heat 
treatment.    This  oil  has  the  following  specifications : 
Flash  Test        265oF. 
Bum  Test        310^F. 
Chill  Test  29P¥. 

Viscosity  90. 

Dielectric  Test,  30,000  volts  between 
sphere  gaps  2-10  of  an  inch  apart. 

This  sample  of  oil  while  being  satisfactory  in  dielectric 
strength  and  having  good,  free  flowing  quality,  is  low  in  flash 
and  burning  tests. 

Sample  No.  2  shows  the  same  oil  after  being  subjected 
to  a  heating  of  212<^F.  for  thirty  days.  The  only  effect  on 
this  oil  is  a  slight  darkening,  making  the  oil  a  light  canary 
color.  Attention  is  called  to  the  fact  that  there  is  no  deposit 
of  sludge  in  the  bottom  of  the  test  tube. 

Sample  No.  3  is  practically  the  same  as  Sample  No.  1, 
except  that  it  is  a  later  distillate  in  the  process,  resulting 
in  the  following  changes  in  characteristics : 

Flash  Test    360«F.  compared  with  Sample  No.  1  265°F. 

Burning  Test  420^F  compared  with  Sample  No  1  310<>F. 

Viscosity  84  compared  with  Sample  No.  1  90. 

This  oil  is  a  better  transformer  oil  by  reason  of  the  fact 
that  the  flash  and  bum  tests  are  higher,  ttift  N\&<:A^\Vi  v^ 
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lower,  and  the  dielectric  strength  is  just  as  good  as  Sample 
No.  1.  You  will  note  that  Sample  No.  3  is  slightly  darker 
than  Sample  No.  1. 

Sample  No.  4  shows  the  same  oil  as  Sample  No.  3  after 
being  subjected  to  a  heating  of  212^F.  for  thirty  days.  The 
only  effect  on  this  oil  is  the  slight  darkening  from  a  normal 
light  yellow  to  a  dark  yellow.  Attention  is  called  to  the 
fact  that  there  is  no  desopit  of  sludge. 

Sludge  deposit  is  the  most  serious  defect  in  oil. 

Nearly  all  oil  will  deposit  sludge  if  subjected  to  a  high 
enough  heat  for  a  long  enough  time.  Putting  this  in  other 
words,  in  practical  operation  you  may  start  transformers  off 
with  perfectly  good  transformer  oil»  but  if  the  transform- 
ers are  overloaded  for  a  considerable  length  of  time,  it  is 
just  the  same  as  applying  abnormal  heat  to  the  oil,  and  al- 
most any  transformer  oil  will,  under  these  conditions,  show 
a  deposit  of  sludge. 

Oil  that  is  not  a  good  transformer  oil  will  show  much 
heavier  sludge  deposit,  and  since  it  is  a  difficult  matter  to 
get  transformer  oil  perfect,  the  same  as  it  is  a  difficult  mat- 
ter to  get  anything  perfect,  it  is  wise  to  watch  transform- 
er oil  very  carefully  when  the  transformers  are  work- 
ing hard,  to  ascertain  whether  or  not  sludge  is  being 
opeposited. 

Sludge  deposit  clogs  up  the  oil  ducts  in  the  windings, 
coats  the  outside  of  the  windings  and  the  inside  of  the  case, 
and  thickens  the  oil.  All  of  this  tends  to  cause  the  trans- 
former to  heat  abnormally.  A  transformer  containing  oil 
which  is  depositing  sludge  is  slowly  burning  out,  and  if  at- 
tention is  not  given  to  this  matter,  the  transformer  may 
operate  for  months  and  suddenly  fail. 

Samples  No.  5,  6,  7,  8,  9,  10,  and  11  show  the  pro- 
gressive disintegration  of  the  oil  due  to  continued  heating, 
which  would  be  analogous  to  running  this  oil  in  transformers 
which  were  operating  overloaded  causing  abnormal  heating. 
Attention  is  called  to  the  color  of  the  oil  in  each  test  tube 
showing  a  steady  darkening  of  the  oil,  with  an  increase  in 
the  deposit  of  sludge  plainly  seen  in  the  bottom  of  each 
test  tube. 

Sample  No.  12,  shows  transformer  oil  with  about  ten 
per  cent  (10  7c)  water  in  it. 
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Sample  No.  13  shows  oil  that  has  been  subjected  to  ab- 
normal heat,  resulting  in  the  deposit  of  sludge  and,  in  addi- 
tion, water  in  the  oil,  undoubtedly  caused  by  the  transform- 
er sweating. 

Sudden  changes  in  temperature,  particularly  when 
transformers  are  not  operating,  cause  the  condensation  of 
moisture,  usually  on  the  inside  of  the  cover,  and  this  mois- 
ture drops  off  into  the  oil.  This  is  a  fair  sample  of  oil  in 
such  a  case. 

Sample  No.  14  shows  bad  oil,  to  abnormal  heat  over 
a  long  period  of  time. 

Sample  No.  15  shows  very  bad  transformer  oil,  which 
you  will  note  is  as  thick  as  cylinder  stock.  This  sample  is 
the  result  of  running  very  good  transformer  oil  at  an  ab- 
normal temperature  for  a  long  time. 

As  a  matter  of  fact,  this  particular  sample  came  out 
of  a  transformer  operating  in  a  steel  mill  where  no  atten- 
tion had  been  given  to  the  transformer  oil  from  the  date 
that  the  transformer  was  placed  in  operation  until  five  years 
had  passed,  and  during  that  time,  the  transformer  had  been 
at  times  heavily  overloaded,  which  caused  the  sludge  to  de- 
posit and  it  is  not  much  wonder  that  the  transformer  failed. 

Now,  it  ought  not  to  be  a  hard  task  to  get  good  trans- 
former oil,  but  oil  is  oil,  whether  it  is  called  transformer  oil 
or  automobile  oil  or  cylinder  oil,  and  it  is  a  fact  that  trans- 
former manufacturers  are  obliged  to  use  the  utmost  care 
and  take  elaborate  precautions  to  be  sure  that  their  supply 
of  transformer  oil  has  the  right  qualities  for  operation  in 
transformers,  and  it  is  simply  to  sound  a  note  of  warning 
to  the  men  who  are  operating  transformers  that,  even 
though  the  manufacturers  of  the  transformers  furnish  per- 
fectly good  oil  when  the  transformers  are  shipped,  this  oil 
will  deteriorate  if  some  attention  is  not  given  to  it  regularly. 

The  most  dangerous  result,  I  repeat,  is  from  sludge  de- 
posit, and  yet  this  is  the  most  simple  thing  to  watch  if  you 
will  only  do  it.  Sludge  deposit  can  be  easily  seen  if  a  sample 
bottle  of  oil  is  taken  from  the  bottom  of  the  transformer 
and  allowed  to  stand  twenty-four  hours. 

S.  C.  Coey:  I  am  sure  we  have  all  heard  a  lot  of  inter- 
esting data  given  on  transformers.     Probably  a  good  manv 
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of  US  will  go  home  and  look  over  our  oil  conditions  to  see  if 
any  of  these  facts  are  borne  out  in  our  own  cases. 

Going  into  special  control,  Mr.  Gilpin  will  give  us  a  little 
talk  on  Ore  Handling  and  Car-Dumper  Equipment. 

C.  D.  Gilpin :  The  object  of  this  paper  is  to  review  very 
briefly  the  general  features  of  recent  developments  in  coal 
and  ore  handling  apparatus.  The  writer  has  not  endeavored 
to  cover  the  whole  field,  but  merely  such  installations  as 
have  come  under  his  own  observation. 

Taking  first  the  subject  of  coaling  docks,  there  is  no 
doubt  but  what  you  are  all  familiar  with  the  standard  type 
of  steam-operated  lifting  car  dumper  which  first  elevates 
the  car  vertically  and  then  turns  it  about  an  adjustable  pivot 
point.  This  style  of  dumper  is  practically  a  standard  for 
loading  boats  along  the  lakes,  but  in  the  east  there  is  also 
in  extensive  use  a  type  of  plant  in  which  the  contents  of  the 
railway  cars  are  first  transferred,  by  means  of  a  turning 
dumper,  into  motor-operated  larry  cars.  The  latter  are 
then  conveyed,  by  means  of  elevators  or  inclined  runways,  to 
the  top  of  a  pier  containing  bins  into  which  the  larry  cars 
dump  thoir  loads.  The  coal  may  then  be  transferred  to  the 
hold  of  the  boat  by  means  of  spouts  or  chutes. 

The  object  of  these  expensive  piers  is  not  only  to  pro- 
vide a  certain  amount  of  storage,  but  also  to  allow  coal  to  be 
fed  to  any  hatch  at  will  without  moving  the  boat,  which  is 
highly  desirable  because  in  many  ocean-going  vessels  a  large 
part  of  the  loading  time  is  taken  up  in  trimming  the  coal 
back  from  the  hatches. 

To  obtain  the  flexibility  of  the  bin  system  without  its 
high  initial  cost,  a  new  type  of  coaling  dock  has  recently 
been  installed  in  one  of  the  Southern  ports.  The  pier  of  this 
dock  carries  a  runway  next  to  the  water  edge  and  not  very 
much  above  water  level ;  on  this  runway  travels  a  movable 
structure  known  as  a  loading  tower.  Behind  this  is  anoth- 
er runway,  elevated  above  the  first  by  means  of  a  trestle  and 
carrying  on  its  rails  a  turnover  car  dumper  of  the  movable 
type.  Beyond  the  car  dumper  runway  is  a  return  track  for 
empty  cars.  The  loaded  cars  are  pushed  onto  the  dumi)er 
by  means  of  a  locomotive,  and  the  coal  is  dumped  into  a  100- 
ton  hop]>er  on  the  rear  of  the  loading  tower,  the  dumper  hav- 
ing been  brought  into  \iive  with  the  latter.    The  tower  hop- 


COMMIT! EE:    LATEST  DEVELOPMENTS  561 

per  is  provided  with  a  gate,  through  which  the  coal  is  fed 
into  a  scraper  conveyor.  The  latter  carries  the  coal  up  a 
pivoted  inclined  boom  which  extends  out  over  the  boat  when 
loading,  and  carries  an  adjustable  telescopic  chute  at  its  out- 
er end  so  that  the  coal  may  be  directed  where  desired.  The 
conveyor  on  the  boom  is  the  largest  ever  built  of  this  type, 
having  a  capacity  of  3,000  tons  per  hour  when  the  boom  is 
approximately  level. 

It  is  intended,  when  business  warrants  it,  to  add  another 
loading  tower  so  that  one  tower  may  be  kept  busy  loading 
into  empty  hatches  while  the  other  takes  an  occasional  car- 
load from  the  dumper  for  trimming  hatches  already  partly 
filled.  The  installation  is  very  inexpensive  in  first  cost,  com- 
pared to  the  bin  system,  and  requires  comparatively  little 
power.  It  may  be  operated  by  one  (1)  300-kw.  rotary  and 
the  peak  loads  are  not  great  enough  to  cause  any  noticeable 
flicker  in  the  lights  in  the  end  of  a  6600-volt  line  four  or 
five  miles  long. 

Turning  from  docks  to  steel  plants,  an  interesting  vari- 
ation on  the  usual  type  of  lifting  dumper  is  now  being  in- 
stalled in  Eastern  Ohio.  With  this  dumper  it  is  possible 
either  to  dump  ore  into  transfer  cars  at  a  low  level  or  coal 
into  a  crusher  at  a  higher  level.  This  is  accomplished  by 
having  a  removable  pivot  point  for  the  low  dumping  position. 
The  two  notable  things  about  this  dumper  are,  first,  that  it 
is  electrically  operated  (which  is  unique  for  a  lifting  dumper 
in  this  country) ;  and,  second,  that  the  system  of  control  is 
so  arranged  as  to  give  a  slow-down  before  the  cradle  strikes 
the  active  pivot  point  either  hoisting  or  lowering,  and  also 
gives  slow-down  and  power  cut-off  at  the  end  of  cradle  rota- 
tion« 

There  is  now  nearing  completion  another  type  of  dump- 
er which  is  also  intended  to  deliver  material  to  one  of  two 
fixed  points,  but  in  this  case  the  points  are  separated  hori- 
zontally and  not  vertically.  The  dumper  is  of  the  turn-over, 
movable  tjrpe  so  that  it  may  travel  to  either  position.  An 
electric  pusher  is  used  so  that  the  cars  may  be  placed  upon 
the  cradle  with  the  same  facility  as  in  the  case  of  a  station- 
ary dumper.  This  machine  combines  the  good  points  of 
both  the  movable  and  stationary  types,  but  its  horizontal 
travel  must  be  restricted  to  reasonable  limits  if  it  is  desired 
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to  handle  both  the  pusher  and  the  cradle  by  means  of  the 
same  operator. 

There  is  a  recent  development  along  the  lines  of  a  gan- 
try crane  which  the  writer  believes  to  be  somewhat  out  of 
the  ordinary.  This  piece  of  apparatus  is  for  use  in  connec- 
tion with  a  system  of  concrete  tanks,  each  tank  being  about 
88  ft.  wide  and  16  ft.  deep.  These  tanks  are  filled  with  cop- 
per ore  by  means  of  a  gantry  crane  containing  a  conveyor 
similar  to  the  tjrpe  of  construction  occasionally  used  with 
coal  bridges.  After  a  tank  has  been  filled  with  ore,  sulphur- 
ic acid  is  turned  into  it  and  the  copper  is  leached  out.  The 
residue  is  then  excavated  by  means  of  another  gantry  crane, 
the  trolley  of  which  is  almost  identical  with  those  used  on 
stiff -legged  unloaders  along  the  Lakes.  The  operator,  being 
directly  over  the  bucket,  can  work  very  close  to  the  sides 
and  the  bottom  of  the  tank  without  injuring  the  lining, 
which  is  sheet  lead.  Moreover,  a  simple  mechanical  limit 
can  be  used  to  definitely  prevent  over  travel  when  lowering 
the  bucket.  The  tailings  are  dumped  into  chute  which  pro- 
jects over  the  tank  while  the  refuse  is  being  discharged  into 
cars.  The  average  capacity  of  this  machine,  which  has  not 
yet  been  completed,  is  estimated  at  500  tons  per  hour. 

S.  C.  Coey:  Some  time  ago,  my  old  friend  Friedlaender 
told  me  we  were  wrong  in  having  fljrwheels  and  clutches  on 
our  shears,  and  we  would  be  interested  to  hear  what  Mr. 
Friedlaender  can  tell  us  on  this  subject. 

E.  Friedlaender:  In  view  of  the  fact  that  very  little 
data  on  motor-<lriven  shears  is  available,  the  information, 
derived  from  the  operation  and  from  special  tests  of  a  large 
shear  in  a  new  rail  and  billet  mill,  may  prove  interesting  and 
beneficial. 

The  shear  in  mind  is  an  800-ton  motor-driven,  vertical 
billet  shear,  with  motor-driven  gauge  and  racking  device. 
The  cutting  capacity  of  the  shear  ranges  from  six  bars, 
4  'x4 ',  to  three  bars  6"x6".  thus  making  the  cutting  capacity, 
for  which  the  shear  was  designed,  108  sq.in.  Originally 
this  machine  was  built  for  thirteen  (18)  cuts  per  minute  and 
the  shear  knife  was  operated  by  means  of  a  hydraulic  clutch. 
The  shear  was  driven  by  a  200-h.p.,  3-phase,  220-volt,  475 
r.p.m.,  phase-wound  induction  motor,  coupled  direct  to  a 
shaft  carrying  an  8,600-\b,  ftywheel,  which  shaft,  in  tarn, 
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was  coupled  to  the  shear  drive  shaft  through  two  sets  of 
herring-bone  gears. 

The  principle  of  the  shear  was  that  the  motor  be  kept 
running  continuously  at  full  speed  and  the  cutting  operation 
be  performed  by  means  of  the  hydraulic  clutch.  However, 
due  to  the  heavy  weight  of  parts  to  be  set  in  motion,  this 
principle  did  not  work  out  satisfactorily.  It  was  then  decid- 
ed to  change  the  motor  application  entirely,  and  instead  of 
using  a  475-r.p.m.,  continuously-running  a-c  motor,  to  in- 
stall a  compound-wound,  d-c.  motor  which  could  be  started 
and  stopped  for  each  cut  by  means  of  a  magnetic  controller, 
thus  doing  away  with  fly wh  eel  and  clutch  altogether. 

Since  the  new  mill  had  not  reached  the  state  of  comple- 
tion for  rolling  rails,  we  took  a  180-h.p.,  d-c.  motor  of  100- 
r.p.m.  from  one  of  the  tilting  tables  on  second  finishing 
stand  for  rails,  and  installed  same  on  shear  temporarily. 

Although  this  motor  was  too  light  for  the  application, 
due  to  heavy  accelerating  peaks,  we  expected  we  might  be 
able  to  get  along  with  it  until  some  better  arrangement  could 
be  made. 

The  motor  was  geared  through  a  reduction  of  40  to  25, 
direct  to  the  flywheel  shaft,  the  flywheel  having  been  remov- 
ed. To  operate  the  shear,  we  bolted  the  hydraulic  clutch 
direct  to  the  herringbone  gear.  For  cutting  short  pieces, 
the  motor  was  kept  running  continuously,  while  for  longer 
pieces  it  was  stopped  and  accelerated  for  each  cut. 

We  first  started  the  motor  on  full-field,  with  control  cir- 
cuit so  arranged  as  to  give  dynamic  braking.  From  the 
start  we  were  able  to  see  some  possibilities  ahead  with  the 
d-c.  motor.  We  started  and  stopped  the  motor  without  ex- 
cessive sparking  or  spitting  at  the  commutator,  and  made 
the  cuts  in  good  shape,  but  we  could  only  get  from  7  to  8 
cuts  per  minute,  cutting  short  billets  with  motor  running 
continuously. 

Cutting  at  this  rate  would  not  keep  the  steel  out  of  the 
way  of  the  mill,  so  we  started  a  series  of  tests,  to  find  out 
just  what  could  be  done  under  the  circumstances. 

Our  180-h.p.  motor,  running  at  100  r.p.m.  with  full-field, 
has  a  field  current  of  9.5  amperes.  The  first  test  was  made 
by  gradually  weakening  the  field,  and  in  turn,  increasing 
the  speed  of  the  motor.     To  our  delight,   disre^asdMDk^  ^ 
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slight  increase  in  starting  peaks,  the  cutting  peaks  were  de- 
creased due  to  the  moment  of  inertia  of  the  revolving  parts. 
We  continued  to  decrease  the  field  current  to  3.5  amperes, 
which  increased  the  speed  to  approximately  210  r.p-m*  This 
enabled  us  to  make  some  ten  cuts  i)er  minute,  despite  the 
fact  that  the  speed  dropped  very  materially  daring  the  act- 
ual cutting  operation.  One  thing  we  experienced  with  the 
weak  field  current  was  that  we  were  unable  to  get  sufficient 
d3niamic  braking  to  bring  the  shear  to  rest  quickly  enough 
when  cutting  long  billets,  which  necessitates  the  stopping  of 
motor  for  each  cut.  To  overcome  this  difficulty,  we  installed 
a  series  brake  on  the  end  of  the  motor  shaft  which  enables 
us  to  stop  motor  in  time  to  stop  blade  from  coming  down  on 
steel  before  the  proper  length  has  been  set.  I  might  state 
here  that  we  even  went  so  far  as  to  take  the  shunt  field  off, 
entirely,  and  run  motor  on  series  field  only,  but  we  were  un- 
able to  hold,  or  stop  shear  in  proper  position  with  the  series 
brakes,  at  this  time  two  brakes  being  installed  on  the  end  of 
the  motor  shaft. 

Following  this  we  made  a  very  complete  test  on  the 
shear  with  a  two-fold  purpose,  first,  to  determine  the  proper 
size  of  motor  required  for  the  operation  of  shear;  and  second, 
to  obtain  some  useful  data  in  regard  to  the  shearing  of  steeL 
After  conducting  the  above  tests,  it  was  learned  that  the 
peaks  in  some  cases  would  go  as  high  as  450  h.p.,  depending 
on  the  number  of  billets  and  the  temperature  of  the  steel, 
but  if  a  motor  was  installed  of  the  size  required  to  give  350 
h.p.  at  200  r.p.m.,  there  would  be  sufficient  power  to  give 
about  14  cuts  per  minute. 

In  conclusion  I  might  say  that  as  a  result  of  the  above 
experimenting  and  tests,  our  company  has  decided  to  pur- 
cliase  a  ;)oO-h.p.,  220-volt,  200-r.p.m.  compound-wound  mo- 
tor, and,  in  turn,  the  people  that  manufactured  the  shear 
will  make  some  changes,  eliminating  entirely  the  hydraulic 
clutcli  and  flywheel. 

S.  C.  Coey :  I  think  the  idea  is  a  very  interesting  one 
and  it  probably  can  be  w  orked  out  in  a  number  of  cases. 

I  will  now  introduce  Mr.  Ward  Harrison,  who  will  give 
ii^  some  data  on  illumination. 

Ward  Harrison:  Since  the  subject  of  illumination  was 
last  considered  by  tVvis  ks>s>oa\a\\oxi>  wo  radical  departures 
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existins:  fixture.  Generally  speaking,  a  lamp  of  only  60  per 
cent,  greater  energy  consumption  than  that  required  for  a 
direct  lighting  system  need  be  used ;  the  increased  expendi- 
ture for  energy  is  far  more  than  offset  by  the  softer  and 
more  even  illumination  and  absence  of  shadows  which  result 
from  the  change.  In  this  connection,  a  word  of  caution  re- 
garding the  selection  of  glassware  may  not  be  amiss,  for  un- 
less bowls  of  great  density  are  chosen,  the  results  will  be  but 
httle  superior  to  those  obtained  from  a  direct  lighting  sys- 
tem. The  density  of  the  glass  should  be  such  that  the  bowls 
are  not  markedly  brighter  than  the  ceiling. 

Yard    Lighting :    The    extensive    use    of    Mazda    "C" 
lamps  in  street  hghting  has  led  recently  to  the  development 


Fig,  6 

of  the  prismatic  glass  refractor  in  which  the  prisms  are 
kept  free  from  dust  by  being  placed  on  the  inner  surfaces 
of  two  glass  bowls,  which  are  then  fastened  together  and 
made  air  tight.  Fig.  5  shows  one  type  of  unit  for  outdoor 
service  complete  with  refractor.  A  distribution  curve  is 
given  in  Fig.  6  for  a  300-watt  Mazda  "C"  lamp,  and  it  will 
be  seen  that  at  angles  near  the  horizontal,  the  intensity  is 
nearly  900  candle-power,  or  fully  three  times  the  rated  wat- 
tage of  the  lamp.  Such  fixtures  can  be  used  quite  as  effec- 
tively in  yard  lighting  as  in  street  illumination,  for  it  is  the 
light  at  angles  near  the  horizontal  which  is  most  effective 
in  illuminating  distant  areas  and  the  dark  convex^. 
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Aside  from  the  question  of  night  repair  and  construc- 
tion work,  the  electrical  engineer  of  a  steel  plant  would  to- 
day do  well  to  keep  on  hand  a  number  of  such  projectors 
simply  from  the  standpoint  of  preparedness,  for  in  the  case 
of  strikes  or  other  disturbances,  all  approaches  to  a  plant  can 
be  effectively  lighted  by  a  battery  of  units  hastily  put  into 
service.  In  fact,  the  principal  advantage  of  the  flood  light- 
ing projector  in  industrial  lighting  lies  in  the  ease  and  quick- 
ness with  which  it  may  be  made  to  solve  many  of  the  diffi- 
culties which  have  heretofore  often  baffled  the  engineer 
when  light  is  greatly  needed. 


DISCUSSION 


S.  C.  Coey:  Before  opening  the  meeting  for  genera' 
discussion,  there  may  be  some  of  our  members  who  have 
special  devices  in  electrical  development  that  they  would 
like  to  bring  out  at  this  time.  I  have  no  doubt  there  are  a 
number  of  questions  we  would  like  to  ask  the  various  speak- 
ers of  this  evening.  Personally,  I  would  like  to  know  from 
Mr.  Pauly  what  would  happen  on  the  iron-clad  switchboard 
if  the  front  of  the  board  is  pulled  out  while  the  circuit  is 
closed,  without  opening  the  oil  switch. 

R  H.  McLain:  Mr.  Pauly  is  not  here  now,  but  I  can 
answer  that  question.  It  is  impossible  to  remove  the  iron- 
clad unit  front  until  after  the  oil  switch  has  been  opened. 

W.  O.  Oschmann:  How  does  the  cost  of  this  iron-clad 
switchboard  compare  with  standard  marble  or  slate  board? 

Edw.  Marshall:  The  cost  would  be  from  15  to  20  per 
cent  greater  than  for  the  present  day  switchboard.  The 
cost  to  the  purchaser  of  the  finished  installation  would  not, 
perhaps,  be  any  greater. 

E.  Friedlaender :  If  I  understood  correctly,  Mr.  Steele 
mentioned  a  reactance  coil  inside  of  a  transformer  as  an  ad- 
ditional safety  feature  to  protect  the  transformer.  I  think 
that  is  rather  a  bad  place  to  put  a  protective  device.  If 
the  reactance  coil  blows  up,  the  transformer  would  probably 
be  damaged.  I  think  it  would  be  better  to  put  the  reactance 
coil  outside  of  the  transformer,  so  if  anything  ha^^tka  t<^ 
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the  reactance  coil  it  can  be  cut  out  and  the  transformer  used; 
probably  saving  a  great  deal  of  expense  and  delay  by  spend- 
ing a  little  more  money  in  first  cost.  If  you  put  anything 
up  for  safety,  it  should  be  separated  from  the  article  we  are 
trying  to  protect. 

I  would  hke  to  get  a  little  more  information  about  the 
oil.  As  Mr.  Steele  has  shown,  we  have  to  watch  the  oil 
closely.  What  oil  shall  we  buy  ?  Shall  we  go  to  the  manu- 
facturers of  the  transformers  to  buy  the  oil,  or  can  we  go 
out  and  buy  it  from  a  little  concern  like  the  Standard  Oil? 
Will  the  transformer  manufacturers  come  back  and  say  we 
cannot  operate  our  transformers  with  such  oil  ?  I  would  like 
to  know  what  oil  we  should  buy,  such  as  to  flash  point,  vis- 
cosity, dielectric  test,  etc.  We  wrote  up  transformer  oil 
specifications  four  or  five  years  ago  but  could  not  get  them 
approved  by  all  transformer  manufacturers. 

H.  G.  Steele:  In  answer  to  Mr.  Friedlaender's  first 
question,  the  reactance  coils  are  installed  inside  of  the 
transformer.  Placing  these  coils  inside  of  the  transformer 
adds  very  little  to  the  cost.  Placing  them  outside  of  the 
transformer  means  separate  case,  oil,  bushings  and  leads, 
and  if  Mr.  Friedlaender  or  any  i)urchaser  would  authorize 
additional  expenditures  for  reactance  coils  mounted  separat- 
ely in  their  own  cases,  we  would  be  very  glad  to  supply 
them. 

The  reactance  coils  spoken  of  by  the  writer  add  but 
very  httle  to  the  cost  of  the  transformer  and,  therefore, 
they  ai*e  an  additional  safety  factor  without  additional  ex- 
pense to  the  purchaser.  These  reactance  coils  may  be  lik- 
ened to  a  safety  valve.  The  reactance  coils  may  be  burned 
out  but  the  windings  may  be  spared,  whereas,  the  ordin- 
ary method  of  only  extra  insulating  the  end  turns  of  the 
windings  may  result  in  the  end  turns  being  burned  out, 
which  is  just  as  bad  as  if  the  windings  were  burned  out. 
Therefore,  I  repeat  that,  while  it  is  all  right  to  extra  in- 
sulate the  end  turns,  these  little  reactance  coils  are  an  ad- 
ded factor  of  safety. 

I  agree  with  Mr.  Friedlaender  that  a  separately  mount- 
ed reactance  coil  in  its  own  case,  apart  from  the  trans- 
former, would  be  even  better,  but  this  would  also  add  con- 
siderably to  the  cosl  oi  lYve  \w^lalUdion,  just  the  same  as 
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^htning  arresters  or  fuses  or  an  oil  circuit  breaker  mount- 
i  separately  from  the  transformer  adds  very  much  to  the 
:pense  of  the  installation. 

Replying  to  the  suggestion  that  if  the  reactance  coil 
ounted  inside  of  the  transformer  should  bum  up,  it  might 
use  damage  to  the  transformer,  I  wish  to  state  that  over 
period  of  the  last  two  years,  there  has  not  been  a  single 
^e  where  this  construction  has  been  used  that  the  trans- 
rmer  windings  have  been  damaged  from  the  failure  of 
le  reactance  coil.  On  the  contrary,  the  reactance  coils 
ive  taken  the  shock  in  many  cases  and  saved  the  windings. 
i  the  transformers  that  have  burned  out  with  reactance 
dls,  it  was  a  simple  matter  to  cut  around  the  reactance 
dl  and  go  on  operating  until  the  new  reactance  coil  was 
cured. 

In  answer  to  the  oil  question,  the  speaker  is  very  will- 
g  to  give  you  specifications  of  what  is  considered  good 
ansformer  oil.  It  is  a  rather  difficult  task,  however,  to 
»t  good  transformer  oil  and  know  positively  that  every 
irrel  you  get  is  up  to  specifications. 

Oil  should  be  Pennsylvania  Crude,  natural,  neutral 
ineral  oil,  distilled  and  cold  pressed  to  remove  amorphous 
ax.  Oil  should  be  free  from  acid,  alkali,  sulphur  and 
oisture,  light  yellow  in  color  and  free  flowing. 

Specifications 
Flash  Test  360^F. 
Bum  Test  420'>F. 
ChiUTest    28^F. 

Viscosity  (Tagiblue  at  70<>F.)     84. 
Dielectric  Test,  minimum,  30,000  volts. 
Dielectric  Test  between  1-2"  spheres  2-10"  apart. 

The  transformer  oil  problem  is  not  only  a  matter  of 
3tting  oil — ^it  is  also  a  matter  of  handling  it  and  preserv- 
[g  it  after  you  have  secured  it  until  it  is  put  into  the  trans- 
»rmers.  Furthermore,  the  testing  of  transformer  oil  for 
electric  strength  varies  seemingly  without  reason.  Five 
ists  taken  on  the  same  sample  will  often  vary  as  much  as 
)%  in  voltage,  but  if  you  are  able  to  secure  good  trans- 
irmer  oil,  then  the  care  of  it  before  it  is  put  into  the  trans- 
trmers  is  very  important. 
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The  ordinary  method  of  caring  for  this  oil  until  it  is 
put  into  the  transformers  is  to  keep  it  in  stock  in  iron 
drums.  Now,  iron  drums  are  used  over  and  over  again  by 
the  oil  companies,  and  when  drums  of  oil  are  shipped  out  to 
a  buyer,  particularly  to  central  stations,  they  will  often 
empty  the  drums  and  put  them  out  in  the  weather,  leaving 
the  bungs  out,  and  rain  or  moisture  will  get  into  the  drums, 
rust  the  iron,  and  it  is  almost  impossible  to  get  every  bit 
of  rust  and  scale  out  of  the  drums  when  they  are  refiUed. 

To  avoid  this,  the  company  that  I  represent  ships  in 
drums  made  specially  for  transformer  oiL  These  drums 
are  lead  lined  so  that  if  moisture  or  rain  does  get  in  the 
inside  of  the  drums,  no  rust  will  form — so  again  I  repeat, 
that  even  though  you  are  able  to  secure  good  transformer 
oil,  it  is  also  just  as  vital  to  take  care  of  it  after  it  is  se- 
cured up  until  the  time  it  is  put  in  the  transformer. 

A  very  small  amount  of  moisture  in  transformer  oil  is 
not  so  very  important  today  in  transformers  of  22,000  volts 
and  lower  as  it  was  years  ago  before  the  present  perfection 
of  the  impregnating  process  for  the  windings.  As  you  all 
know,  a  transformer  winding  that  is  vacuum  treated  and 
sealed  up  with  impregnating  compound  forced  in  under 
pressure,  makes  a  coil  impervious  to  water  and,  therefore,  a 
small  amount  of  water  is  not  nearly  so  dangerous  as  we  have 
been  led  to  understand  in  years  past.  It  must  be  under- 
stood, however,  that  moisture  in  a  transformer  becomes 
more  dangerous  as  the  voltage  gets  higher.  I  am  speaking 
now  of  transformers  higher  than  22,000  volts. 

E.  Friedlaender:  Is  the  dielectric  test  specification  for 
6600  volts  the  same  as  for  22,000  volts  and  over? 

H.  G.  Steele:  Some  transformer  manufacturers  carry 
different  grades  of  transformer  oil,  varying  with  the  volt- 
ages of  the  transformers  for  which  it  is  used. 

S.  C.  Coey :     What  effect  does  rust  have  on  the  oil  ? 

H.  G.  Steele:  Answering  this  question,  practically,  if 
rust  is  present  in  transformer  oil,  it  becomes  more  and  more 
dangerous  to  use,  just  as  the  quantity  of  rust  increases. 

The  rust  may  get  into  the  windings  and  if  it  happens 
to  get  in  where  it  could  cause  a  short  circuit,  the  trans- 
former might  f ai\.    It  pt^seivt  in  sufficient   quantity,  it 
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would  tend  to  clog  the  oil  ducts.    Even  a  little  bit  of  rust 
or  dust  or  dirt  may  cause  rapid  heating  of  the  transformer. 

A  simple  test  to  see  the  presence  of  a  substantial 
amount  of  rust,  dust  or  dirt  is  to  take  a  sample  of  oil  from 
the  bottom  of  the  transformer  case  and  allow  it  to  rest  for 
twenty-four  hours,  when  the  sediment,  if  any,  will  be  seen 
in  the  bottom  of  the  bottle. 

An  incident  of  oil  disintegrating  and  causing  failure  of 
a  transformer  might  here  be  mentioned,  because  in  this 
instance,  it  was  caused  by  the  bad  water  supply. 

A  certain  steel  mill  had  water  cooled  transformers 
where  the  water  supply  was  very  bad.  Careful  reports  of 
the  temperature  of  the  transformers  were  recorded  daily, 
but  these  reports  did  not  carry  the  facts  to  the  electrical 
engineer  in  charge,  because  the  attendant  in  charge  of  the 
transformers,  upon  noticing  a  slight  increase  in  tempera- 
ture, turned  on  a  little  more  water,  and  day  after  day,  when 
the  temperature  of  the  transformer  would  show  an  increase, 
the  attendant  speeded  up  the  water  to  keep  the  tempera- 
ture (recorded  by  the  thermometers  on  top  of  the  trans- 
former case)  down  to  normal. 

The  cause  of  the  trouble  was  that  the  bad  water  in 
the  cooling  pipes  caused  a  coating  on  the  inside  of  the 
pipes,  and  this  coating  acted  as  an  insulation  preventing 
the  heat  from  radiating  from  the  oil  through  the  water 
pipes  to  the  flowing  water.  This  in  turn  caused  the  oil  to 
heat  up  and  deposit  sludge,  so  that  the  heat  was  not  trans- 
mitted properly  from  the  windings  to  the  oil  and  thence 
through  the  water  pipes  to  the  water. 

By  speeding  up  the  water,  the  attendant  was  able  to 
keep  the  temperature  down  in  the  oil  that  was  in  the  top 
of  the  transformer,  but  the  oil  which  surrounded  the  wind- 
ings of  the  transformer,  which  are  located  in  the  bottom  of 
the  case,  was  getting  hotter  and  hotter,  until  finally  the 
transformers  suddenly  burned  out.  One  transformer  in 
the  bank,  however,  was  saved  by  hoisting  the  coils  out  and 
cleaning  the  inside  of  the  case  and  cleaning  the  water  pipes, 
and  it  is  back  in  service  today. 

E.  Friedlaender :  Is  Pennsylvania  crude  oil  free  from 
paraffine? 
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EL  6.  Steele:  It  is  not  free  from  paraffine,  but  trans- 
former oil  made  from  Pennsylvania  crude  is  supposed  to  be 
free  from  paraflfine  because  this  is  one  of  the  specifications 
in  the  manufacture  of  transformer  oil — "cold  pressed  to  re- 
move amorphous  wax." 

E.  Friedlaender:  With  reference  to  illumination,  in- 
stead of  talking  about  large  units,  I  would  like  to  find  out 
whether  we  could  not  get  very  small  portable  units.  The 
safety  point  is  being  urged  very  strongly  in  mill  work  and 
we  very  often  have  to  supply  light  on  short  notice  in  places 
where  we  haven't  any  wiring,  and  it  would  probably  be  dang- 
erous to  install  any  wires  on  account  of  the  heat  or  gas.  The 
point  comes  up,  why  can't  we  use  a  lamp  like  miners  use. 
The  ones  we  tried  proved  absolutely  worthless  for  mill  work, 
as  the  candlepower  was  too  low,  being  3  c.p.  at  2  volts.  Why 
can't  we  get  a  2-volt  lamp  that  will  give  8  or  10  cp.,  if  for 
only  2  or  3  hours. 

Ward  Harrison:  The  trouble  with  getting  as  low  as  2 
volts  is  largely  in  the  design  of  lamp,  that  is,  to  get  8  or  10 
c.p.  with  2  volts,  you  would  have  very  short  thick  fibre,  a 
fraction  of  an  inch  long,  to  carry  4  or  5  amperes.  That 
means  it  is  almost  impossible  to  get  the  fibre  accurately  coil- 
ed, so  you  can  know  whether  you  had  a  1,  2,  or  3-volt  lamp. 
If  it  comes  out  3,  it  wouldn't  give  much  light.  If  you  can  go 
to  6  volts  and  use  3  cells,  you  can  get  almost  any  cp.  you 
want  up  to  30  and  get  it  with  good  satisfaction.  For  ins- 
tance, a  good  many  of  the  automobile  head-lights  are  6-volt 
lights,  which  give  25  or  30  c.p.  for  that  class. 

E.  Friedlaender:  At  6  volts  the  lamp  is  too  heavy. 
Such  a  portable  lamp  should  not  weigh  over  8  pounds  and  not 
be  a  burden  to  a  workman  who  has  to  carry  it. 

Ward  Harrison:  I  know  what  the  problem  is.  It  is  a 
compromise  between  what  you  can  do  in  the  way  of  getting 
a  lamp  that  will  be  satisfactory  and  how  much  weight  you 
can  carry.  At  6  volts,  we  can  make  a  good  one,  at  2  it  is 
hard  to  do. 

E.  Friedlaender:  An  8  c.p.  lamp  at  2  volts  is  now  be- 
ing made  in  Europe. 

Ward  Harrison:  We  could  make  them  readily  enough, 
simply  by  taking  a  chance  at  it.  That  is  all  there  is  to  it. 
We  tried  to  make  l\\em  m  c,oiviv^atYow  with  several  proposi- 


DISCUSSION:    LATEST  DEVELOPMENTS  665 

tions  in  a  one-cell  battery,  but  we  haven't  found  anything 
that  the  manufacturers  of  the  battery,  for  instance,  would 
consider  reliable  as  a  marketable  product. 

W.  T.  Snyder:  I  think  you  will  agree  that  the  Electrical 
Development  Committee  has  presented  a  very  interesting 
program.  We  learned  a  great  deal.  While  we  have  a  very 
good  representation  here  tonight,  particularly  of  the  mill 
men,  we  should  have  more  at  these  meetings.  Those  absent 
are  certainly  missing  much  that  would  be  to  their  advantage. 
Our  mill  men  are  better  represented  tonight  than  the  asso- 
ciate members,  in  proportion  to  the  membership.  We  con- 
gratulate the  Electrical  Development  Committee  on  the  ex- 
cellent program  that  they  have  presented. 


.« 
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W.T.  Snyder :  We  must  express  our  appreciation  of  the 
privilege  and  pleasure  that  has  been  ours  this  evening  in 
having  a  joint  dinner  with  the  Pittsburgh  Jovian  League. 
We  hope  that  the  Jovians  will  remain,  and  feel  free  to  take 
part  in  our  program.  We  welcome  you  and  assure  you  of 
our  extreme  pleasure  in  having  you  with  us. 

The  object  of  the  Association  of  Iron  &  Steel  Electrical 
Engineers  is  the  advancement  of  the  efficient  application  of 
electricity  to  the  iron  and  steel  industry,  and  there  is  no 
feature  having  a  more  important  bearing  on  the  efficient  ap- 
plication of  electricity  to  the  iron  and  steel  industry  than 
that  of  standardization.  It  has  been  said  that  standardiza- 
tion when  carried  too  far,  has  a  tendency  to  restrict  progress 
and  development.  That  may  be  true  in  a  sense,  but  without 
doubt  there  is  a  lot  of  work  to  be  done  along  the  line  of  in- 
terchangeability  in  the  iron  and  steel  industry  which  would 
impose  no  restriction  on  the  development  and  progress  of 
electrical  apparatus;  in  fact,  this  is  one  of  the  most  fartile 
fields  in  which  this  Association  has  to  work.  We  have  the 
problem  of  standardization  of  methods  and  practice ;  gener- 
ating equipment,  voltages,  frequency,  and  temperatures ;  ap- 
paratus, speeds,  rating,  dimensions,  etc.  There  is  so  much 
work  to  be  done  along  this  line  that,  as  was  remarked  by  the 
Chairman  of  the  Standardization  Committee  this  evening, 
"the  field  is  so  big,  we  hardly  know  where  to  start."  The 
meeting  this  evening  will  be  in  charge  of  the  Standardization 
Committee,  and  will  be  conducted  by  the  Chairman  of  that 
Committee,  Mr.  F.  D.  Egan. 

F.  D.  Egan:  Members  of  our  Association,  as  well  as 
members  of  the  Jovian  League,  in  attempting  to  present  the 
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subject  this  evening,  an  effort  will  not  be  made  to  take  up 
any  particular  subject,  but  rather  to  talk  along  general  lines 
larger  measures,  ratings,  some  of  the  individual  branches, 
and  cover  to  some  extent  the  application  of  control.  Elach 
speaker  for  the  evening  will  present  his  talk  before  the  meet- 
ing is  opened  for  general  discussion.  We  will  first  hear 
from  Mr.  F.  B.  Crosby  of  the  General  Electric  Company. 

F.  B.  Crosby:  I  have  been  asked  to  speak  briefly  this 
evening  of  Standardization  from  the  viewpoint  of  the  man- 
ufacturer. The  subject  is  a  broad  one  and,  from  many  and 
varied  personal  experiences  in  standardizing  conmiittee  work 
in  our  own  company,  I  believe  any  attempt  to  detail  meth- 
ods at  this  time  would  be  obviously  futile. 

Broadly  speaking.  Standardization  is  the  ideal  toward 
which  we  are  slowly  but  surely  working,  sometimes  with 
conscious  effort,  but  quite  as  often  with  only  inunediate  re- 
sults in  view ;  yet  the  goal  always  is  the  same,  namely  -  ulti- 
mate perfection.  There  may  be  many  good,  and  more  better 
ways  of  accomplishing  a  given  purpose,  but  there  can  be 
only  one  best  way.  When  that  way  is  recognized  and  ac- 
cepted. Standardization  will  have  been  attained  automatic- 
ally. 

Such  conditions  however  are,  I  am  sorry  to  believe,  too 
visionary  save  for  optimistic  contemplation. 

You  will  note  I    said    ^Vhen  recognized  and  accepted". 

These  are  the  two  great  difficulties  to  be  overcome  in  our 
efforts  at  Standardization  and  you  active  members  of  this 
Association  share  equally  with  the  manufacturer  the  respon- 
sibility of  hastening  our  arrival  at  the  desired  goal. 

It  is  apparently  a  truism  in  economic  and  industrial  life, 
as  in  physical  life,  that  while  perfection  is  beyond  our  attain- 
ment, there  are  always  present  progressive  or  reactionary 
tendencies  to  one  or  the  other.  There  is  no  standing  still; 
if  so,  stagnation  and  economic  death  will  inevitably  follow! 
We  are  all  learning  together,  you  operating  engineers  from 
that  best  of  teachers  -  practical  experience  -  and    we,    this 

manufacturers,  from  all  available  sources,  theoretical  and 
experimental  as  well  as  practical. 

Admittedly  the  manufacturer  is  a  manufacturer  prim- 
arily for  the  purpose  oi  mcreasing  the  industrial  wealth  of 
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the  country,  and  at  the  same  time  for  the  purpose  of  making 
a  reasonable  profit  from  the  operation.  This  applies  with 
equal  force  to  the  manufacturer  of  steel  as  well  as  of  electri- 
cal products.  As  engineers  of  steel-making  companies,  you 
should  be  as  competent  to  discuss  the  question  of  Standardi- 
zation from  the  viewpoint  of  the  manufacturer  quite  as  well 
as  we  representatives  of  electrical  companies. 

Your  problem  would  indeed  be  the  simpler  of  the  two. 
At  first  glance  a  tabulation  of  the  standard  shapes  put  out 
by  the  Carnegie  Steel  Company,  for  example,  would  seem 
to  meet  every  conceivable  requirement,  but  it  does  not. 
And,  as  any  one  who  wishes  a  special  shape  for  a  social 
purpose  finds  out,  there  are  few  industries  in  which  it  is 
more  difficult  to  secure  prompt  accommodation  at  reasonable 
cost.  The  steel  industry  is  of  such  magnitude,  however, 
and  has  already  standardized  so  large  a  variety  of  products, 
that  rather  than  incur  the  delay  and  expense  of  develop- 
ing new  shapes  the  prospective  customer  usually  contents 
himself  with  standard  stock. 

From  the  standpoint  of  development,  the  manufacture 
of  steel  products  has  reached  a  relatively  staple  condition 
compared  with  electrical  products.  It  must  be  borne  in 
mind  that  the  short  space  of  15  years  practically  covers  the 
general  application  of  electricity  in  the  manufacture  of  steel, 
and  to  one  reasonably  familiar  with  the  more  prominent 
variables  involved,  such  as  choice  of  direct  or  alternating 
current;  frequency;  voltage;  speeds — constant,  variable  or 
adjustable;  continuous  or  intermittent  service;  methods  of 
drive — ^ropes,  belts,  gears,  or  direct;  improvements  in  de- 
sign based  on  clearer  understanding  of  operating  conditions ; 
improvements  in  quality  of  material  entering  into  the  de- 
sign, and  finally,  but  by  no  means  least,  the  individual  whims 
and  prejudices  of  the  purchaser:  When  all  these  things  are 
duly  considered  the  marvel  is  that  so  much  has  been  already 
accomplished  toward  Standardization. 

In  spite  of  the  present  advanced  status  of  electrification, 
even  such  efforts  towards  Standardization  as  have  been  an 
economic  necessity  for  the  continued  existence  of  the  electri- 
cal manufacturer  are  often  a  source  of  dissatisfaction  to  the 
purchaser.  Your  personal  experience  will  no  doubt  bear  out 
my  statement,  that  in  some  instances  no  sooner  \vad  ^qm  %dr 
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opted  a  so-called  standard  line  of  motors  or  control,  and 
settled  down  confident  of  the  solution  of  your  difficulties, 
than  you  were  confronted  with  the  announcement  that  that 
particular  line  had  been  discontinued,  so  that  from  the 
point  of  Standardization  you  were  no  better  provided  for 
than  before.  If  you  think  the  manufacturer  does  this  mere- 
ly for  his  own  amusement  I  can  assure  you  that  you  are 
mistaken. 

An  analysis  of  facts  will  show  in  nearly  every  case 
that  the  new  lines  are  brought  out  primarily  to  embody  im- 
provements which  you  suggest,  and  not  as  you  may  often 
suspect — solely  for  the  purpose  of  cheapening  our  product 
so  that  we  may  pocket  a  larger  profit.  Sometimes  your  sug- 
gestions come  in  the  form  of  complaints  and  sometimes  as 
real  constructive  criticisms.  I  think  I  can  honestly  say 
that  intelligent  criticism  of  our  designs  or  clearer  explana- 
tion of  your  requirements  are  always  sincerely  welcomed. 
It  often  takes  time  and  it  always  takes  a  large  expenditure 
of  money  to  get  out  a  new  line.  Such  expenditures,  includ- 
ing designs,  drawings,  patterns,  new  tools,  modified  factory 
facilities,  testing,  new  advertising  campaigns,  etc.,  always 
involve  thousands  and  sometimes  hundreds  of  thousands  of 
dollars,  and  cannot  be  undertaken  without  most  careful  con- 
sideration. Furthermore,  to  put  a  new  line  into  commercial 
production  usually  recjuires  from  a  year  to  eighteen  months. 
In  the  meantime  still  further  possible  improvements  are  dis- 
covered which  must  be  held  over  until  the  next  general  re- 
vision is  warranted,  and  so  it  continues. 

Where  a  monopoly  of  design  or  product  exists,  there  is 
no  question  but  that  Standardization  of  product  and  manu- 
facturing methods  net  the  manufacturer  the  largest  profit. 
For  a  typical  example  of  this  policy  carried  to  the  N-th  pow- 
er, you  have  only  to  study  Henry  I'ord's  methods.  Similar 
methods  would  most  gladly  be  adopted  by  every  electrical 
manufacturer  in  the  country  if  you  gentlemen  would  permit 
it.  You  would  be  first  to  oppose  any  agreement  tacit  or 
otherwise  among  electrical  manufacturers  which  would  tend 
to  retard  the  truly  phenomenal  progress  in  recent  electrical 
development  which  is  the  direct  result  of  competitive  re- 
search. 


COMMITTEE:    STANDARDIZATION  671 

Only  such  products  and  methods  as  can  meet  unques- 
tioned the  demands  of  service  can  justly  be  termed  stand- 
ards. It  seems  evident  therefore  that  the  formal  recogni- 
tion of  such  standards  must  come  about  through  the  intellig- 
ent study  of  actual  operating  requirements  and  practical 
limitations  of  electrical  design,  but  such  Associations  as  this 
one  and  others  of  similar  character. 

Much  credit  is  due  for  the  excellent  work  already  ac- 
complished along  this  line  by  the  Standardization  Commit- 
tee of  the  American  Institute  of  Electrical  Engineers  and 
by  the  Power  Club  in  proposing  certain  standards  for  ma- 
terials, methods  of  testing,  and  rating  machines,  etc.  For 
the  specific  benefit  of  your  own  industry,  however,  much  re- 
mains to  be  done  which  you  only  can  do  for  yourselves  in 
co-operation  with  the  electrical  manufacturers. 

In  discussing  this  subject  with  members  of  this  Asso- 
ciation, I  have  found  it  necessary  to  define  my  position.  In 
the  first  place  I  believe  it  should  be  clearly  understood  that 
any  action  taken  by  your  Committee  on  Standardization  and 
formally  approved  by  the  Association  is  not  in  any  sense 
binding  upon  individual  members.  I  have  found  objection 
to  this,  based  on  the  erroneous  idea  that  any  such  standardi- 
zation would  be  binding.  That  is  not  my  understanding  at 
all ;  neither  do  I  think  it  is  the  understanding  of  your  com- 
mittee. It  should  take  the  form  of  suggestions  or  recom- 
mendations embodying  the  consensus  of  opinion  relative  to 
methods  of  accomplishing  certain  results.  In  event  of  any- 
thing approaching  an  even  division  of  opinion,  alternative 
suggestions  should  be  incorporated. 

If  the  Association  is  to  accomplish  its  real  purpose  of 
mutual  assistance  among  its  members  and  the  general  ad- 
vancement of  the  art  of  electrification,  then  the  experience 
and  advice  of  those  members  fortunate  enough  to  be  in  the 
employ  of  the  more  progressive  companies  should  be  avail- 
able for  the  guidance  of  those  younger  or  less  happily  situat- 
ed. 

To  my  mind,  one  of  the  most  efficient  means  of  bringing 
this  about  would  be  the  compilation  in  pamphlet  form  of  the 
approved  recommendations  of  your  committee  on  general 
practice.  These  might  be  issued  from  time  to  time  in  uni- 
form size  for  insertion  in  a  loose  leaf  binder. 


672  COMMITTEE:    STANDARDIZATION 

Above  all,  these  suggestions  should  be  non-partisan  and 
absolutely  independent  of  commercial  bias.  I  cannot  em- 
phasize my  views  on  that  point  too  strongly.  If  this  is  to 
be  successfully  carried  out,  we  must  get  away  from  any-^ 
thing  that  would  tend  to  reflect  directly  or  indirectly  on  any 
one  manufacturer,  either  to  their  advantage  of  disadvantage. 
We  must  keep  in  mind  solely  that  which  would  work  to  the 
greatest  advantage  of  your  own  industry.  Names  of  manu- 
facturers should  not  appear,  nor  should  the  recommenda- 
tions be  of  such  character  as  to  exclude  any  competitive 
equipment  unless  adequate  reasons  are  approved  by  the  As- 
sociation. These  recommendations  should  not  be  confined  to 
existing  practice.  If  there  is  a  real  demand  from  the  majori- 
ty of  the  Association  for  apparatus,  methods  of  control,  or 
safety  devices,  not  on  the  market,  such  a  demand  backed  by 
the  Association  in  its  formal  recommendations  would  have 
far  more  weight  with  the  manufacturer  than  if  coming  from 
isolated  individuals. 

The  manufacturers  would  undoubtedly,  and  I  believe 
justly,  object  to  any  tendency  in  these  recommendations  to 
dictate  details  of  design,  for  that  would  surely  exceed  the 
jurisdiction  of  your  committee.  There  is  a  clear  distinction 
between  suggesting  desirable  results  and  arbitrarily  speci- 
fying the  manner  in  which  those  results  shall  be  obtained. 

Mill  builders  and  gear  builders  should  be  consulted  and 
improvements  permitting  the  use  of  higher  motor  speeds 
considered. 

Investigations  of  existing  flywheels  and  their  speed 
torque  relations  to  gears,  motors  and  control  should  be 
brought  out. 

The  question  of  "safe"'  maximum  voltage  about  the 
mill  is  one  also  frequently  raised. 

It  is  a  delicate  subject,  but  perhaps  not  wholly  improp- 
er to  suggest,  that  one  of  the  functions  of  this  Conunittee 
be  that  of  a  clearing  house  for  complaints  on  defective  ap- 
paratus. Here  again  the  greatest  care  should  be  taken  not 
to  use  manufacturers'  names  or  even  to  implicate  them  by 
detailed  description  of  the  defective  equipment.  My  idea 
would  be  merely  to  caW  to  t\vft  attention  of  your  members 
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the  possibility  of  weakness  at  given  points  in  order  that  they 
might  satisfy  themselves  before  purchasing.  Such  a  syste- 
matic study  of  operating  troubles,  and  an  intelligent  differ- 
entiation between  sporadic  cases  due  to  local  causes  and 
those  showing  inherent  weakness  in  design,  would,  I  believe, 
confer  a  great  benefit  upon  your  members  and  at  the  same 
time  would  prove  a  powerful  incentive  toward  standardiza- 
tion of  quality  at  least  on  the  part  of  the  manufacturer. 

There  is  very  much  more  which  could  be  said  on  this 
subject  but  in  conclusion  may  I  state  that  I  have  discussed 
this  matter  thoroughly  with  the  Chairman  of  the  Standardi- 
zation Committee  of  our  company  and  I  believe  I  am  express- 
ing his  opinion  as  well  as  my  own  firm  convictions  when  I 
say  that  any  effective  movement  toward  standardization  of 
electrification  of  steel  plants  must  originate  through  the  con- 
certed action  of  operating  engineers  rather  than  among  the 
manufacturers.  Upon  evidence  of  such  concerted  action  in 
good  faith,  our  company  stands  ready  to  co-operate  to  the 
fullest  degree. 

F.  D.  Egan :  In  reference  to  standardization  as  regards 
tests,  it  has  not  been  the  practice  among  iron  and  steel  en- 
gineers to  follow  any  detail;  in  other  words,  the  si)ecifica- 
tions  call  for  all  tests  to  follow  the  practice  of  the  A.I.  of  E.E. 
There  have  been  special  cases  that  called  for  machines,  par- 
ticularly in  the  larger  drives  for  lower  temperature  guaran- 
tees at  normal  rating.  A  few  years  ago,  it  was  almost  be- 
lieved to  be  necessary  that  all  machines  be  designed  at  that 
low  rate.  Mr.  Brent  Wiley  of  the  Westinghouse  Electric  & 
Manufacturing  Company  will  give  his  views  in  regard  to 
speed  and  temperature  guarantees. 

Brent  Wiley:  One  of  the  subjects  of  standardization 
that  is  receiving  the  attention  of  a  number  of  electrical  socie- 
ties is  that  of  rating  of  apparatus  including  generators, 
transformers  and  motors.  At  the  present  the  usual  rating 
is  40^.  rise  for  full  load  continuously — 125  per  cent,  load — 
2  hrs. — 50°  C.  rise.  The  tendency  is  towards  a  single  rating 
which  is  based  on  a  conservative  temperature  rise  for  full 
load  continuously.  The  temperature  ranges  from  50^  C.  to 
55^  C.  rise  and  no  overload  rating  is  given. 

In  the  case  of  large  mill  motors,  it  is  customary  to  in- 
sulate the  winding  with  a  type  of  insulation  which  will  with- 
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stand  an  actual  temperature  of  105^  C.  without  undue  de- 
terioration. Then,  considering  an  air  temperature  of  35^  C. 
which  is  higher  than  the  average,  and  a  rise  of  50'*  C.  ther- 
mometer, and  15"  C.  for  internal  drops,  we  still  have  some 
margin  for  continuous  full-load  running.  With  air  temper- 
atures below  35*^  C.  the  margin  for  extra  load  is  still  greater. 

A  machine  is  designed  with  certain  copper  and  iron  los- 
ses which  are  usually  plotted  in  curve  form.  These  curves 
are  not  parallel  and  as  a  rule  have  only  one  point  in  common 
which  determines  the  most  efficient  rating  for  the  design  in 
question. 

The  user  is  most  concerned  with  the  safe  limit  working 
capacity  of  the  motor  and  is  therefore,  most  interested  in 
the  performance  at  this  point.  If,  however,  it  is  necessary 
to  include  guarantees  on  a  lower  temperature  rise  basis,  then 
the  designer  is  handicapped  in  the  proportioning  of  the  ma- 
terials, and  as  a  rule  has  to  specify  an  extra  amount  of  eith- 
er copper  or  iron  without  actually  increasing  the  real  work- 
ing capacity  of  the  unit. 

In  the  past  there  has  been  two  factors  of  uncertainty 
which  have  prompted  the  wise  precaution  of  extra  capacity 
in  the  mill  driving  unit.  First,  on  account  of  the  limited 
data  available  the  actual  power  required  to  roll  steel  was  not 
very  definitely  understood  and  methods  of  calculation  not 
developed.  Second,  experience  had  shown  that  practically 
every  mill  has  certain  possibilities  regarding  the  develop- 
ment of  increased  capacity,  due  to  changes  of  mill  design  and 
method  of  operation  as  best  determined  after  the  mill  has 
been  put  in  regular  service. 

By  July  1917  there  will  be  installed  over  300  large  main 
roll  equipments,  totalling  approximately  500,000  horse  pow- 
er. Experience  with  a  majority  of  these  units  covers  an 
average  period  of  five  years  and  much  has  been  learned  by 
the  steel  companies  and  electrical  manufacturers  regarding 
power  reciuirements.  This  knowledge  tends  to  eliminate  the 
first  factor  of  uncertainty  as  mentioned  above,  which  in  the 
past  has  meant  extra  capacity  of  driving  unit.  The  remain- 
ing factor,  namely  the  mill  possibilities,  will  be  governed  in 
many  cases  by  conditions  which  will  give  a  fairly  definite 
limit  to  its  probable  increased  capacity.  Thus,  today  the 
proper  selection  of  motor  size  is  not  such  a  problem,  and  the 
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percentage  of  extra  capacity  to  provide  can  be  made  on  a 
practical  basis.  This  may  be  done  by  specifying  a  motor  of 
low  temperature  rise  for  full  load  continuously — ^which  ma- 
chine will  be  capable  of  twenty-five  to  thirty-five  per  cent, 
overload  continuously  without  undue  deterioration,  or  a  mo- 
tor of  greater  horse  power  rating  at  the  safe  working  capa- 
city as  outlined  for  single  rating  machine  can  be  selected. 
The  latter  is  preferable  and  will  result  in  a  lower  first  cost 
and  better  economy  of  operation. 

There  is  one  particular  point  I  would  like  to  mention  in 
regard  to  small  motors,  which  a  number  of  members  have 
adopted  and  are  carrying  out  in  practice  as  far  as  possible ; 
that  is,  the  method  of  connecting  the  motor  to  the  driven 
machine.  A  great  many  of  the  applications  in  the  steel  in- 
dustry require  that  the  motor  be  geared.  If  the  motor  in- 
stead of  being  geared  direct,  is  coupled  through  a  flexible 
coupling,  with  separate  shaft  mounted  between  two  bear- 
ings, it  will  eliminate  three-fourths  of  the  mechanical  and 
electrical  troubles.  The  question  of  insulation  has  been  im- 
proved very  materially  in  the  last  several  years,  and  if  vibra- 
tion and  shocks  are  decreased  an  appreciable  amount,  the  life 
of  the  apparatus  will  be  lengthened  considerably. 

F.  D.  Egan:  Mr.  Wiley  brought  up  the  question:  In 
the  past  when  ordering  motors  for  large  mill  drives,  due  to 
lack  of  information,  the  steel  mill  electrical  engineer  was  al- 
most compelled,  after  attempting  to  get  a  load  curve,  to  pur- 
chase a  motor  at  a  normal  rating  that  would  possibly  cover 
the  mill  speeds,  or  calculated  power  curve  for  the  motor 
furnished  by  the  purchaser  giving  normal  rating  at  35^  rise 
In  the  majority  of  cases,  after  these  motors  were  installed, 
it  has  been  found,  except  in  a  few  cases,  that  motors  were 
entirely  too  large.  Since  then,  any  amount  of  testing  infor- 
mation has  been  developed,  and  today  the  tendency  is  to  buy 
a  motor  single  rating  rather  than  multiple  rating,  which 
differs  from  the  past  in  plants  where  we  had  no  experience 
in  regard  to  rolling  mill  duty. 

H.  F.  Stratton  (read  by  H.  J.  Fisher) :  Standardization 
is  making  different  things  as  much  alike  as  possible. 

Without  doubt,  many  people  want  more  standardization. 
Various  technical  societies  appoint  committees  to  consider 
and  recommend  the  adoption  of  certain  standards.     Operat- 


676  COMMITTEE:    STANDARDIZATION 

ing  men  in  factories  and  mills  are  continually  alert  to  stand- 
ardize machinery  which  they  use.  Purchasing  agents  in 
sending  out  specifications  are,  in  reality,  adopting  certain 
standards  to  which  bidders  must  conform.  The  manufac- 
turer of  equipment  made  and  sold  in  quantities,  adopts  a 
standard  when  he  makes  his  designs  and  he  changes  thia 
standard  with  great  reluctance. 

Men  in  all  departments  of  manufacturing — ^the  design- 
er, the  builder,  the  buyer  and  the  user — all  appreciate  the 
benefits  of  standardization.  Is  it  true,  however,  that  they 
desire  standardization  for  the  same  reasons,  and  if  they  do 
not,  where  do  their  interests  conflict? 

In  the  case  of  the  operating  man,  the  man  who  really 
uses  machinery,  it  is  easy  to  see  some  of  the  reasons  why  he 
insists  on  standardization.  Interchangeability  is  a  big  fac^ 
tor.  For  instance,  railroad  equipment  must  be  standardised 
in  order  that  cars  may  be  switched  on  to  different  tracks  or 
made  up  into  trains.  In  the  factory,  more  i)articu]arly  in 
the  steel  mill,  wearing  parts  should  be  interchangeable  as 
much  as  possible,  to  prevent  stocking  an  excessive  amount 
of  spare  parts  and  to  reduce  the  delays  and  vexations  of  re- 
placing worn  out  or  broken  parts. 

Standardization  of  connections  of  electrical  machines,  of 
methods  of  control  or  of  the  general  features  of  electrical 
design,  is  valuable,  because  the  electrical  department  can 
then  become  thoroughly  familiar  with  these  broad  princip- 
les. Standardization  of  terminal  markings  on  electrical  ap- 
paratus, of  symbols  used  to  designate  certain  parts  of  elec- 
trical equipment,  of  abbreviations  and  definitions  of  electric- 
al terms,  all  these,  if  standardized,  are  more  easily  learned 
and  understood. 

The  purchasing  agent,  or  the  operating  men  when  tem- 
porarily acting  in  a  purchasing  capacity,  is  interested  in 
standai'dization  in  order  that  different  bidders  may  quote, 
as  far  as  possible,  on  equivalent  machinery. 

The  manufacturer  of  electrical  machinery  is  keenly  in- 
terested in  the  standards  which  he  himself  has  adopted. 
After  a  manufacturer  has  sold  machines  of  any  specific  de- 
sign, he  must  be  prepared  to  furnish  spare  parts  for  this 
machine  for  many  years,  even  though  he  should  radically 
change  his  designs.     Unless  real  benefit  is  gained,  the  manu- 
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facturer  dislikes  to  change  his  designs,  because  by  so  doing 
he  must  immediately  shoulder  the  expense  of  new  stock, 
tools  and  jigs,  and  other  manufacturing  equipment  The 
manufacturer  also  appreciates  that  the  interchangeability 
of  his  product  is  necessary  in  order  that  it  may  be  sold  suc- 
cessfully in  competition. 

The  manufacturer,  the  buyer  and  the  user,  all  have 
something  to  gain  from  standardization,  but  perhaps  they 
would  not  standardize  the  same  things  in  the  same  ways. 
I  suggest  that  we  consider  some  of  the  different  phases  of 
standardization  and  try  to  see  where  the  manufacturer,  the 
buyer  and  the  user  can  agree, 

If  we  consider  the  interchangeability  of  electrical  equip- 
ment, we  must  agree  that  it  is  impossible  to  standardize  the 
dimensions  of  the  wearing  parts  of  electrical  equipment, 
manufactured  by  different  companies,  to  the  extent  that 
they  will  be  interchangeable.  Some  time,  far  in  the  future, 
this  may  be  possible,  but  at  present  the  expense  and  confus- 
ion of  such  a  change  wiuld  be  prohibitive.  When  it  happens 
that  the  tapers  on  the  shaft  extensions  of  mill  motors,  manu- 
factured by  different  companies,  are  not  the  same,  we  can- 
not hope  to  see  interchangeability  in  the  many  small  and 
complicated  parts  of  the  electrical  equipment  manufactured 
by  different  companies. 

If  we  consider  the  standardization  of  terminal  mark- 
ings, symbols,  definitions,  abbreviations,  and  all  other  terms 
relating  to  electrical  machinery,  it  seems  that  no  honest  ob- 
jection can  be  offered  to  this,  by  the  manufacturer,  the  buy- 
er or  the  user.  This  kind  of  standardization  means  the 
forming  of  a  language  clearly  and  uniformly  understood  by 
all  persons  interested  in  it.  It  would  mean  less  misunder- 
standing ;  it  would  make  it  easier  to  build  up  a  technical  lit- 
erature in  a  field  which  at  present  needs  it  badly ;  and  in  the 
case  of  the  young  men  who  are  starting  in  either  the  manu- 
facturing or  the  operating  end,  it  would  greatly  help  towards 
a  clear  and  rapid  understanding  of  their  business.  I  can  see 
no  valid  objection  to  standardizing  terminals,  symbols,  ab- 
brevations,  etc.,  other  than  the  minor  inconveniences  which 
people  would  suffer  in  abandoning  some  of  their  own  local 
terms  and  conforming  to  whatever  standard  should  be  ad- 
opted. 
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The  question  arises  as  to  who  should  undertake  the  re- 
sponsibility of  this  standardization.  No  better  organization 
could  be  selected  than  the  Association  of  Iron  &  Steel  Elec- 
trical Engineers,  composed  as  it  is  of  men  representing  both 
manufacturing  and  operating,  and  all  of  them  honestly  ap- 
preciative of  the  benefits  to  be  gained.  The  American  In- 
stitute of  Electrical  Engineers,  The  National  Electric  Light 
Association,  and  the  Electric  Power  Club  have  all  worked 
along  these  lines.  In  the  case  of  these  organizations,  the 
matter  has  been  painstakingly  studied,  and  I  think  that  the 
Association  of  Iron  &  Steel  Electrical  Engineers  should  col- 
laborate with  the  efforts  of  the  other  organizations,  rather 
than  act  independently  of  them.  I  suggest,  therefore,  the 
appointment  of  a  committee  or  sub-committee,  to  confer  with 
any  other  technical  organizations  engaged  in  standardization 
of  electrical  equipment. 

Another  phase  of  standardization  is  to  rate  the  capa- 
city of  electrical  machinery  by  some  standard  such  as  tem- 
perature rise.  The  buyer  can  use  such  ratings,  because  to 
a  certain  extent  equipment  furnished  under  standardized 
ratings  would  be  equally  good  and  the  buyer  free  to  place 
the  order  from  the  standpoint  of  price,  delivery,  service  or 
some  other  consideration.  The  honest  manufacturer  would 
not  object  to  standardized  ratings  if  they  can  be  made  to 
really  indicate  the  acceptability  of  the  equipment  for  the 
work  actually  to  be  done.  The  trouble  is  that  such  ratings 
often  get  on  the  basis  of  irrelevant  standards.  To  illustrate, 
if  some  cast  grid  resistances  were  to  be  furnished  to  carry 
100  amperes  continuously,  a  good  specification  would  be  that 
its  ultimate  temperature  should  not  exceed  250<^  C.  On  the 
other  hand,  if  resistances  were  wanted  for  a  25  h.p.  control- 
ler, it  would  not  necessarily  be  a  good  specification  that  this 
should  have  a  continuous  capacity  of  60  amperes,  because 
some  resistance  would  be  much  better  suited  to  carry  100 
amperes  intermittently  than  another  resistance,  although 
both  resistances  might  carry  60  amperes  continuously  with 
equal  satisfaction. 

As  another  illustration  take  the  case  of  motors  which 
have  their  temperature  rise  standardized.  I  have  never 
made  motors,  but  I  have  bought  them  and  I  know  that  some 
makes  of  motors  are  much  better  than  other  makes,  al- 
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though  the  standardized  temperature  rise  in  each  case  is 
the  same.  Another  difficulty  is  that  different  large  buyers 
have  very  different  ideas  about  ratings  of  electrical  equip- 
ment, and  the  peculiarity  is  that  each  may  be  right  for  his 
own  mill.  Probably  some  work  can  be  done  in  standardiz- 
ing ratings  of  electrical  machinery,  but  these  efforts  should 
be  cautious.  To  go  too  far  at  once  along  such  lines,  would 
be  to  invite  disregard  of  standardized  ratings. 

It  has  been  often  proposed  to  standardize  methods  of 
systems.  An  illustration  of  this  would  be  to  designate  the 
current  values  and  number  of  accelerating  steps  in  an  auto- 
matic motor  starter  of  a  certain  size.  The  condition  at  pres- 
ent in  such  matters  is  chaotic.  Not  only  different  users,  but 
different  manufacturers  have  different  standards.  The 
same  person  may  vary  his  idfeas  from  one  year  to  another, 
because  of  changing  requirements  or  improvement  in  the 
equipment.  Sometimes  the  purchaser  places  more  import- 
ance on  satisfactory  service  over  a  long  period  of  years  and 
sometimes  he  is  more  interested  in  a  lower  purchase  price. 
Who  shall  say  which  point  of  view  is  right?  My  personal 
opinion  is  that  the  standardizing  of  systems  or  methods 
should  not  be  undertaken  until  common  practice  has,  by  its 
own  action,  substantially  reached  a  standard  on  which  the 
great  majority  of  both  users  and  manufacturers  can  agree. 

No  one  objects  to  attempting  the  standardization  of 
electrical  equipment  from  the  standpoint  of  safety.  This 
matter  is  better  understood  by  the  users  than  by  the  manu- 
facturers, and  no  manufacturer  wishes  to  disregard  the  re- 
quirements for  safety  as  determined  by  the  operating  men. 
It  is,  however,  expensive  and  burdensome  to  the  manufac- 
turer to  change  his  design  to  conform  to  safety  require- 
ments, if  the  same  design  is  not  satisfactory  to  different 
purchasers  or  if  the  manufacturer  cannot  know  that  all  com- 
petitors will  be  made  to  toe  the  mark. 

I  want  to  argue  that  it  is  less  reasonable  to  standard- 
ize mill  equipment  than  ordinary  factory  or  power  house 
equipment.  As  illustrations,  consider  an  overhead  crane  in 
a  machine  shop,  the  generator  in  a  power  house,  or  a  motor 
driven  lathe.  Each  of  these  has  substantially  the  same 
work  to  do  day  after  day,  and  even  the  extra  or  surplus  work 
which  may  be  demanded  of  it  i^  well  known.     Standards  in- 
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dicate  fairly  accurately  the  acceptability  of  such  equipment. 
On  the  other  hand,  what  is  it  that  governs  the  acceptability 
of  mill  equipment  ?  Is  it  not  its  ability  to  keep  on  operating 
satisfactorily  under  unexpected  conditions?  The  success- 
ful manufacturers  of  mill  equipment,  design  to  meet  emer- 
gencies rather  than  average  conditions.  You  cannot  stand- 
ardize emergencies,  and  that  is  one  reason  why  it  is  difficult 
to  standardize  mill  equipment  on  any  basis  which  really  in- 
dicates its  acceptability. 

I  have  heard  it  argued  that  standardization  should  be 
as  inclusive  as  possible  to  give  the  smaller  steel  mills  or  the 
less  experienced  operating  men  the  benefit  of  what  the  larg- 
er mills  and  the  more  skilled  and  experienced  operating  men 
have  found  to  be  preferable.  This  distribution  of  informa- 
tion is  excellent,  but  should  it  not  be  in  technical  papers  rath- 
er than  in  standards  adopted  by  this  Association? 

I  hope  the  Association  will  proceed  with  standardiza- 
tion only  as  fast  as  it  will  be  accepted  and  used.  Is  it  not 
true  that  years  ago  this  Association  wrote  complete  specifi- 
cations for  cranes  which  have  not  been  followed,  and  is  it 
also  not  true  that  one  of  the  large  steel  companies  printed 
safety  specifications  which  are  not  universally  followed  by 
its  own  mills?  If  you  standardize  too  rapidly,  the  stand- 
ards are  not  followed,  and  I  take  it  that  nobody  wants  to 
standardize  unless  you  accomplish  something. 

In  conclusion,  my  argument  is  that  the  Association 
standardize  on  terms,  symbols,  abbreviations,  terminal 
markings,  etc.,  in  collaboration  with  the  American  Institute 
of  Electrical  Engineers,  the  National  Electric  Light  Associa- 
tion, and  the  Electrical  Power  Club.  When  these  standards 
are  adopted  and  used  universally,  then  the  Association 
should  proceed  to  the  more  debatable  questions  and  stand- 
ardize as  rapidily  as  people  will  use  the  standards. 

C.  T.  Henderson:  The  real  distinction  between  the 
manner  in  which  an  engineer  and  an  ordinary  layman  at- 
tacks a  problem  is  that  the  engineer  generally  looks  around 
to  see  what  someone  else  has  done  and  the  layman  generally 
goes  ahead  on  his  own  responsibility.  It  is  my  feeling  that 
this  Association  in  attempting  a  line  of  standardization  work 
should  follow  what  I  consider  to  be  good  engineering  prac- 
tice; that  is  to  say  before  attempting  any  such  work  they 
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should  make  a  definite  and  whole-hearted  attempt  to  find  out 
what  other  associations  and  clubs  have  done.  We  have,  as 
has  been  mentioned  this  evening,  the  American  Institute  of 
Electrical  Engineers,  which  has  adopted  standardization 
rules  covering  ratings  for  apparatus,  tests  for  its  insulation 
and  similar  points.  We  have  the  Master  Car  Builders  Asso- 
ciation, which  has  taken  the  steps  necessary  to  make  rail- 
way equipment  interchangeable.  We  have  the  Society  of 
Automobile  Engineers,  which  has  done  a  great  deal  of  won- 
derful work  in  the  standardization  of  parts  for  automobiles. 
This  Society  has  gone  so  far  as  to  adopt  a  standard  line  of 
dimensions  for  car  parts,  such  as  carburetors,  magnetos,  etc., 
and  all  of  these  standards  help  them  in  their  work.  They 
help  them  to  buy  quickly  and  buy  cheaply.  The  Power  Club 
has  also  done  a  great  deal  of  work.  Some  of  its  work  has 
been  mentioned  previously  this  evening.  I  feel  that  the 
Power  Club  is  working  along  a  line  more  nearly  parallel  to 
that  which  should  be  followed  by  this  Association  than  any 
of  the  other  organizations  mentioned.  The  Power  Club,  for 
example,  has  standardized  a  line  of  nomenclature  for  con- 
nection diagrams  and  standardized  on  motor  and  controller 
terminal  markings.  On  the  other  hand,  I  know  that  in  our 
business  we  do  not  follow  these  nomenclature  standards  as 
closely  for  steel  mill  apparatus  as  we  should,  because  they 
are  not  complete  enough  to  cover  all  steel  mill  conditions, 
and  because  there  is  not  a  demand  among  steel  mill  men  that 
these  standards  be  followed.  The  Power  Club  has  likewise 
standardized  on  motor  speeds.  A  few  years  ago,  the  man 
who  manufactured  a  machine  driven  by  a  small  motor — say 
1-20  to  1-2  h.p. — had  to  almost  redesign  his  machine  if  he 
wanted  to  change  from  a-c.  to  d-c.  drive,  because  such  a 
change  was  almost  sure  to  mean  different  motor  dimensions 
and  speed.  If  you  look  over  manufacturers  catalogues  to- 
day, however,  you  will  find  that  direct  current  motors  of 
fractional  horse  power  are  desio^^ed  for  the  same  speed  as 
alternating  current  motors  of  the  same  capacity.  I  believe 
that  in  many  cases  the  standardization  has  been  carried  to 
such  a  point  as  to  establish  a  standard  for  the  center  line 
height  of  certain  small  motor  shafts.  This  is  a  point  that 
might  not  be  a  bad  thing  for  you  members  of  the  A^s^oda*- 
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tion  of  Iron  &  Steel  Electrical  Engineers  to  consider  in  con- 
nection with  mill  motors. 

In  reviewing  the  whole  situation,  it  seems  to  me  that  it 
is  absolutely  impossible  for  this  Association  to  standardize 
control  equipment  to  such  an  extent  that  parts  of  equipment 
manufactured  by  different  concerns  will  be  interchangeable. 
I  do  not  believe  that  it  will  be  possible  for  the  Association  to 
do  anything  other  than  standardize  its  requirements.  In 
other  words,  establish  gauges  by  which  the  relative  value  of 
those  switches  which  constitute  a  magnetic  control,  for  ex- 
ample, may  be  determined.  In  the  present  state  of  the 
trade,  it  is  just  about  as  hard  to  tell  which  controller  is  the 
better  of  two  as  it  used  to  be  to  determine  motor  values 
when  one  bidder's  15  h.p.  machine  would  carry  25  h.p.  con- 
tinuously and  another's  would  barely  operate  under  full  load 
without  burning  out.  In  buying  under  these  conditions,  the 
purchaser  had  to  put  his  entire  faith  in  the  man  with  whom 
he  dealt.  Today  the  element  of  faith  is  still  an  important 
one,  but  only  as  regards  points  other  than  temperature  rise. 

At  this  particular  time,  the  standardization  of  require- 
ments in  the  controller  line  would  mean  a  great  deal  to  mem- 
bers of  this  Association.  It  would  mean,  for  example,  that 
the  controller  manufacturer,  instead  of  being  in  the  embar- 
lasing  position  of  seeking  material  in  an  abnormal  market 
in  order  to  fill  his  orders,  would  have  his  shelves  loaded  with 
standard  ai)i)aratus  which  could  be  purchased  more  cheaply 
and  delivered  more  (luickly  than  the  unstandardized  appara- 
tus which  is  at  present  being  ])roduced.  The  average  pur- 
chaser of  electrical  ecjuipment  does  not,  in  my  opinion,  rea- 
lize the  cost  of  making  such  special  apparatus.  If  the  spec- 
ial eciuipment  manufactured  by  controller  builders  was  made 
to  bear  the  overhead  expense  which  is  really  directly  charge- 
able a<i:ainst  that  equipment,  its  price  would  be  prohibitively 
high.  It  is  only  because  such  overhead  is  spread  over  the 
entire  line  of  a;)paratus  produced  that  the  price  of  special 
equipment  comes  at  all  within  reason.  Even  a  little  bit  of 
standardization  will  mean  a  considerable  saving  in  cost  of 
production,  and  the  manufacturer  of  equipment  will,  I  am 
sure,  be  very  ^lad  indeed  to  give  the  direct  benefit  of  such 
saving  to  the  purchaser  rather  than  put  it  in  his  own  pockef, 
because  while  he  gives  you  the  direct  saving  that  is  effect- 
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ed  by  the  manufacture  of  standard  rather  than  special  appa- 
ratus, he  does  not  necessarily  give  you  the  indirect  saving 
that  he  is  able  to  make  on  account  of  the  greater  volume  of 
apparatus  he  can  turn  out  in  his  shop  in  a  year  because  of 
his  product  being  standardized  to  at  least  a  reasonable  ex- 
tent. 

Some  people  here  this  evening  have  spoken  of  the  desir- 
ability of  drawing  a  specification  that  would  cover  steel  mill 
conditions.  Such  a  specification  would  undoubtedly  be  use- 
ful, but  cannot,  in  my  opinion,  be  made  to  fully  cover  all  con- 
ditions. In  other  words,  I  am  sure  that  even  with  such  a 
specification  in  existence  you  men  will  still  be  compelled  to 
use  your  own  judgment  to  a  large  extent  and  to  make  cer- 
tain departures  from  your  specifications  when  buying. 
About  the  only  people  who  do  buy  under  rigid  specifications, 
from  which  they  will  under  no  condition  depart,  is  the  U.  S. 
Government.  The  U.  S.  Navy  Department's  attempts  to  do 
this  in  making  its  purchases  have  been  rather  amusing  to 
me.  I  have  followed  them  for  a  good  many  years,  and,  ac- 
cording to  my  observations,  they  no  longer  draw  their  speci- 
fications to  cover  what  they  want,  but  to  exclude  what  they 
do  not  want.  For  example,  the  Navy  Department  asks  for 
bids  on  certain  machinery,  and  on  account  of  his  being  the 
low  bidder  the  job  goes  to  a  contractor  who  is  inclined  to  trim 
the  contract  just  as  closely  as  he  can,  he  will  probably,  und- 
er these  conditions,  supply  the  U.  S.  Navy  Department  with 
something  they  do  not  like,  and  then  they  will  get  together 
and  redraft  their  specifications  so  that  the  sort  of  work  this 
unsatisfactory  contractor  has  done  will  be  excluded  in  the 
future,  and  so  I  say  they  draw  their  specifications  to  exclude 
what  they  don't  want  rather  than  to  cover  what  they  do 
want.  I  imagine  that  if  you  try  to  draw  rigid  specifications 
covering  all  of  your  requirements  and  try  to  adhere  literally 
to  such  specifications  in  making:  your  purchases,  you  may 
find  yourselves  confronted  with  somewhat  the  same  prob- 
lem as  the  Navy  Department  has  solved  in  the  manner  des- 
cribed. 

I  will  conclude  my  remarks  on  the  subject  by  saying 
that  so  far  as  the  controller  end  of  the  business  stands  to- 
day, the  purchaser  appears  to  me  to  be  in  the  position  of  the 
man  who  is  trying  to  measure  something  without  anythinys 
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to  measure  by.  He  is  like  the  man  who  attempts  to  measure 
distance  without  even  a  12^'  rule.  He  is  guessing  all  the 
time.  If  you  men  will  get  together  and  formulate  some 
gauge  for  the  comparison  of  apparatus,  it  will  help  the  manu- 
facturer and  will  help  you.  It  will  help  you  by  getting  you 
better  service,  quicker  deliveries  and  lower  prices. 


DISCUSSION 


E.  Friedlaender :  I  do  not  agree  altogether  with  the 
speakers  tonight.  I  am  sure  we  men  in  the  mills  are  per- 
fectly willing  to  make  everything  standard  if  we  know  where 
to  buy  standard  machinery.  I  think  it  is  mostly  up  to  the 
manufacturers  to  get  together  and  standardize  their  appa- 
ratus. This  has  been  done  with  the  incandescent  lamp — al- 
though there  are  many  different  makes  on  the  market,  all 
lamps  are  standardized  as  regards  sizes,  voltages,  shapes, 
etc. 

It  is  competition  that  works  greatly  against  standardi- 
zation ;  special  features  often  make  good  talking  points.  We 
are  ready  to  get  together  and  standardize  our  requirements 
as  much  as  possible,  but  are  the  manufacturers  willing  to 
chan?:e  their  designs.  At  present  we  have  trouble  in  gett- 
ing what  we  need,  and  are  only  too  willing  to  take  anything 
we  can  get. 

W.  T.  Snyder:  I  agree  with  Mr.  Friedlaender  to  a  cer- 
tain extent.  There  is  undoubtedly  a  great  deal  that  the 
manufacturers  could  do  if  they  would  get  together  on  steel 
mill  ap]n\ratus,  just  as  some  of  them  have  done  in  other  lines 
of  equi])ment  as  mentioned  by  Mr.  Henderson.  On  the  other 
hand,  in  view  of  the  fact  that  they  are  not  doing  this,  the 
members  of  this  Association  should  interest  themselves  en- 
ough to  get  together  and  tell  the  manufacturers  what  they 
would  like  to  have,  and  as  Mr.  Crosby  pointed  out,  they 
would  he  only  too  willinof  to  do  their  part.  The  manufactur- 
ers have  not  reached  the  point  where  they  are  willing  to  get 
together  to  meet  our  ideal.  We  are  organized  for  the  pur- 
pose  of  making  things  as  wear  ideal  for  ourselves  as  we  can. 
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but  we  do  not  seem  to  display  the  proper  interest  to  bring 
about  the  desired  result. 

Mr,  Fisher  brought  up  the  old  question  of  what  the 
purchasing  agent  would  do  after  the  manufacturer  turns  out 
a  good  line  of  apparatus — that  the  purchasing  agent  buys 
the  lowest  priced  apparatus.  That  is  our  own  fault  to  a 
certain  extent.  The  purchasing  agent  has  only  the  views 
and  recommendations  of  the  plant  engineer  placed  alongside 
the  views  and  recommendations  of  the  manufacturer's  en- 
gineer, and  he  may  believe  that  the  manufacturer  is  more  fa- 
miliar with  his  subject  than  is  the  man  at  the  plant.  On  the 
other  hand,  if  the  man  at  the  plant  can  say :  "This  is  what 
the  Association  of  Iron  &  Steel  Electrical  Engineers  recom- 
mend, what  a  majority  of  the  members  have  found  by  ex- 
perience, or  in  their  judgment,  to  be  the  best  to  use  for  this 
particular  purpose,"  the  purchasing  agent  will  not  go  against 
that  recommendation  as  often  as  he  now  does. 

Mr.  Wiley  brought  out  a  very  interesting  and  import- 
ant point  in  regard  to  standardizing  motor  connections  and 
this  is  one  that  our  Association  should  go  on  record  as  rec- 
ommending in  regard  to  motor  connections,  that  is,  not  place 
a  pinion  on  the  motor  shaft  above  a  certain  size  and  speed. 
Such  a  recommendation  backed  by  this  organization  would 
have  a  great  deal  of  weight  and  do  a  great  deal  of  good. 

As  pointed  out  by  Mr.  Crosby,  the  Standardization  Com- 
mittee should  keep  in  mind  that  their  recommendations 
should  in  no  way  bear  any  commercial  reflections;  names 
should  not  be  used  in  describing  apparatus,  to  the  detriment, 
or  advancement  of  any  manufacturer.  We  must  do  these 
things  from  the  standpoint  of  representations  of  the  iron 
and  steel  industry,  making  general  recommendations,  giving 
no  commercial  advantage  to  any  particular  manufacturers, 
but  giving  all  a  fair  chance  to  take  care  of  themselves. 

As  remarked  by  one  of  the  previous  speakers,  the 
Standardization  Committee  could  be  a  medium  for  the  dis- 
tribution of  information,  a  clearing  house  for  complaints. 
There  is  much  work  that  could  be  done  by  the  members  to 
make  the  Association  worth  while  to  create  interest  in  the 
Association  and  enthusiasm  in  the  members;  we  should  all 
want  to  help.    As  things  are  now,  many  members  are  lagg- 
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ing  back,  waiting  until  somebody  gets  something  started.  I 
would  like  to  see  our  Standardization  Committee  start  on 
this  work  and  stick  to  it  until  it  gets  something  defuiite; 
accomplish  one  thing  at  a  time ;  get  it  in  some  definite  form 
where  it  will  be  of  some  benefit  to  the  Association,  and  in- 
cidentally, to  the  manufacturers. 

Reference  was  made  to  crane  standards  drawn  up  a  few 
years  ago.  There  is  no  question  but  what  those  crane 
standards  were  of  great  benefit  to  users  of  electric  cranes. 
We  all  remember  the  old  cranes  that  we  used  to  have  to  cut 
rivets  to  remove  a  line  shaft,  etc.  The  demand  from  the 
members  of  this  Association  had  nearly  all  to  do  with  the 
present  high  state  of  the  design  and  construction  of  over- 
head cranes.  We  want  to  claim  credit  for  it,  and  don't  want 
anyone  to  insinuate  that  nothing  has  been  done  along  that 
line.  We  know  that  some  members  do  not  follow  the  specifi- 
cations as  closely  as  they  might.  No  specifications  can  be 
drawn  and  considered  iron-bound  specifications.  There  will 
be  some  things  that  will  not  be  satisfactory  to  all  purchas- 
ers. But  take  this  crane  standard  as  a  whole,  it  is  pretty 
well  lived  up  to  by  the  iron  and  steel  industry. 

Mr.  Henderson  suggested  that  our  committee  find  out 
what  other  Associations  have  been  doing  on  Standardization. 
I  do  not  know  whether  they  have  done  this  or  not,  but  it  is 
one  of  the  first  things  the  Standardization  Committee  should 
do.  There  is  too  much  work  to  be  done  to  waste  time  and 
effort  in  going  over  the  same  ground  that  has  been  covered 
by  other  committes,  and  other  organizations.  We  should 
weed  out,  and  use  as  a  basis  for  our  work,  what  has  been  ac^ 
complished  by  the  Power  Club  and  other  such  Associations 
that  have  given  these  things  their  attention  and  have  per- 
haps done  better  than  we  could  do  ourselves. 

Mr.  Henderson  admits  that  the  company  he  represents 
has  not  followed  standardization  in  the  iron  and  steel  in- 
dustry as  much  as  it  has  in  other  industries.  We  should 
take  that  as  an  indictment  on  ourselves.  If  we  sit  back 
growling  and  complaining  that  the  manufacturers  do  not 
do  for  us  what  they  do  for  others,  it  is  because  there  is  not 
the  demand.  There  is  a  demand  from  us,  but  it  is  not  in 
concerted  form.  We  are  sitting  back  growling  about  this 
and  about  that.    We  will  never  get  anywhere  by  that  kind  of 
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work,  nor  unless  we  get  our  ideas  in  proper  form  and  carry 
the  approval  and  recommendation  of  our  Association 
When  you  get  them  in  that  shape,  you  will  get  the  treatment 
from  manufacturers  that  you  demand. 

Mr.  Henderson  referred  to  the  Navy  Department  speci- 
fying what  they  don't  want.  On  some  items  that  plan  would 
work  well,  but  for  instance  on  electric  cranes  we  would 
specify  that  we  wanted  steel  castings,  rather  than  enumer- 
ate the  materials  that  we  did  not  want.  There  are  other 
similar  instances  where  it  is  easier  to  specify  what  is  want- 
ed rather  than  what  is  not  wanted. 

While  I  have  the  floor  I  want  to  talk  a  little  along  the 
line  that  Mr.  Terry  did  to  the  Jovians  this  evening.  Our 
Active  members  are  not  well  enough  represented  at  these 
meetings.  The  steel  mill  men  should  consider  it  part  of 
their  job  to  attend  these  meetings.  There  is  not  a  steel  man 
that  attends  one  of  these  meetings  without  taking  away 
something  with  him  that  will  repay  him  many  times  for  the 
small  amount  of  trouble  and  inconvenience  that  he  was  put 
to  in  order  to  be  present.  We  should  all  be  interested  en- 
ough to  attend,  and  for  those  who  are  not  sufficiently  inter- 
ested, I  am  inclined  to  criticize  their  plant  management  for 
not  insisting  that  they  do  attend,  because  while  the  individu- 
al is  the  loser,  the  plant  loses  the  real  money.  There  have 
been  suggestions  made  at  all  these  Pittsburgh  meetings  that 
would  mean  a  saving  in  real  money  to  the  plants  whose  mem- 
bers were  not  represented  at  the  meetings.  Then,  again,  we 
are  all  losers  because  we  do  not  get  the  benefit  of  the  ideas 
and  experience  of  the  absent  members  who  should  unselfish- 
ly exchange  their  views  and  experiences  with  their  fellow 
members.  I  would  like  to  ask  the  members  that  are  here 
to  appoint  themselves  a  committee  of  one  to  try  to  interest 
the  members  that  are  not  attending  these  meetings.  Try 
to  get  them  here  and  get  their  views,  and  get  their  ideas  of 
what  they  do  want.  You  can  accomplish  nothing  by  staying 
at  home  and  criticizing  this  and  that,  but  you  can  get  what 
you  want  if  you  come  here  and  listen  and  take  part  in  these 
discussivins,  and  say  just  what  it  is  that  you  do  not  like.  In 
most  ca.se.s  the  men  that  are  not  here,  are  the  men  that  are 
growling  the  most  back  at  the  plant. 
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C.  T.  Henderson :  While  the  idea  is  fresh  in  my  mind 
from  hearing  Mr.  Snyder's  talk,  I  want  to  point  out  to  you 
people,  especially  you  active  members,  that  there  is  not  the 
same  incentive  for  the  manufacturers  to  get  together  and 
standardize  that  there  is  for  the  operating  engineers  to  get 
together  and  demand  that  standards  be  made.  It  is  up  to 
you  to  demand  those  things  that  will  help  you  in  your  work. 
I  can  remember  some  ten  or  twelve  years  ago  when  you  men 
were  working  even  harder  than  you  are  now,  for  the  reason 
that  there  was  not  available  a  proper  motor  for  steel  miD 
work.  All  of  you  were  using  street  railway  motors  "ad- 
apted" to  mill  work,  and  they  were  not  suitable  for  the  pur- 
pose. You  got  together  and  demanded  a  better  motor,  and 
what  was  the  result? — the  mill  tjrpe  motor  today.  If  you 
had  waited  for  someone  else  to  bring  that  about  you  prob- 
ably would  not  have  gotten  it  as  soon,  and  possibly  would 
not  have  gotten  it  at  all.  It  is  only  when  you  get  together 
and  demand  those  things  your  experiences  shows  you  need 
you  really  get  results. 

Jaa  Farrington:  If  the  manufacturers  would  build 
both  a-c.  and  d-c  motors  with  back-axle  shafts ;  standardize 
those  shafts  with  standard  gear  and  pinion  as  in  railway 
work,  it  would  assist  the  interchangeability  of  motors. 

I  would  like  to  see  the  manufacturers  agree  on  that.  I 
would  like  to  hear  what  they  have  to  say  against  some  such 
arrangement ;  and  also  to  allow  for  interchangeability  of  mo- 
tors by  using  a  sub-base.  Take  four  or  five  of  the  large 
manufacturers,  the  heights  of  their  motors  are  often  the 
same  size,  or  nearly  so.  On  some  new  work  we  put  in,  we 
found  by  using  a  sub-base  and  having  the  manufacturer  of 
the  macliine  supply  it,  that  we  could  use  four  different  manu- 
facturers* motors.  This  became  necessary,  owing  to  present 
conditions  in  not  being  able  to  standardize  on  one  type  of 
motor,  and  iK^ng  cempelled  to  buy  from  two  or  three  firms. 

F.  D.  Egan:  Recrarding  motors,  I  feel  that  Mr.  Snyder 
has  pivsonted  my  views  to  a  great  extent.  One  point  he 
brought  up  regarding  gear  and  pinion.  I  had  some  experi- 
ence in  purchasing  a  lot  of  cranes  and  found,  after  operating 
a  number  of  years,  that  we  are  not  ourselves  specifying 
clearly  what  motor  pinion  is  geared  to.  The  buyers  are 
specifying  nothing  on  sVvalt  ^\xes,  or  have  a  standard  gear; 
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but  we  will  pay  a  man  to  specify  the  speed  at  which  a  crane 
will  run,  but  have  not  specified  the  capacity  of  motor.  The 
result  is  that  we  will  get  possibly  one  size  gear  in  one  case, 
and  in  another  case  it  will  be  changed. 

H.  J.  Sage:  After  a  long  absence  from  this  city  I  am 
glad  to  be  with  you  tonight.  I  have  been  very  much  inter- 
ested in  the  remarks  of  Mr.  Henderson  about  mill  motors. 
Prior  to  1905  there  was  a  great  demand  from  the  electrical 
engineers  of  the  steel  companies  for  the  rugged  mill  type 
motor.  Our  company  had  considered  building  a  mill  motor 
but  it  had  been  practically  impossible  for  us  to  obtain  the 
necessary  data  to  intelligently  design  them.  About  1905, 
just  prior  to  the  forming  of  this  Association  upon  consult- 
ing a  number  of  electrical  engineers  of  the  steel  companies, 
we  were  very  glad  to  learn  that  their  ideas  of  what  was  re- 
quired of  these  mill  motors  was  more  definite,  as  far  as 
capacities,  speeds,  size  of  shafts  and  other  general  character- 
istics of  the  motors  were  concerned.  We  were  surprised  and 
gratified  to  learn  that  all  of  the  men  wanted  practically  the 
same  thing;  there  was  not  a  10  per  cent,  variation  in  the  re- 
quirements of  any  of  the  men.  With  such  data  before  us 
it  was  comparatively  easy  to  design  and  manufacture  what 
is  now  known  as  the  modem  mill  motor,  and  I  feel  safe  in 
saying  that  no  motor  has  even  been  designed  which  is  bet- 
ter adapted  to  the  work  it  performs.  This  is  due,  I  think, 
to  the  fact  that  all  of  you  men  had  practically  agreed  upon 
what  you  wanted.  If  you  can  arrive  at  the  same  agreement 
along  other  lines  in  the  electrical  field,  I  am  sure  that  you 
will  have  no  trouble  in  obtaining  as  satisfactory  results.  It 
does  not  seem  to  me  that  it  is  the  province  of  the  Associa- 
tion of  Iron  and  Steel  Electrical  Engineers,  to  go  into  the 
minor  details  of  design  of  motors,  generators  and  transform- 
ers, but  you  should  confine  your  recommendations,  insofar 
as  possible,  to  what  you  desire  to  accomplish  and  leave  it  to 
the  engineers  of  the  manufacturing  electrical  companies  to 
build  apparatus  which  will  meet  your  requirements.  If 
among  yourselves  you  will  agree  as  to  what  you  want,  I 
think  and  know  that  the  electrical  companies  will  be  only 
too  glad  to  meet  you  more  than  half  way. 

Jas.  R.  Downs:  It  is  needless  to  say  that  the  remarks 
that  have  been  made  this  evening  have  been  exceedingly  in- 
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teresting.  They  have  been  made,  of  course,  by  men  that  are 
spending  all  their  time  in  steel  mills ;  men  that  are  face  to 
face  every  day  with  questions  that  are,  in  many  cases,  new. 
The  thing  that  keeps  going  through  my  mind  in  regard  to 
this  question  of  standardization  is  whether  or  not  many  of 
the  features  that  you  have  now  are  not  due  more  to  the 
salesman's  wits  in  attempting  to  sell  the  product  of  his  com- 
pany than  it  has  been  either  on  the  part  of  his  principles,  or 
on  your  part;  and  during  the  early  part  of  this  discussion, 
I  was  thinking  of  the  point  that  has  been  brought  up  by  Mr. 
Sage.  I  have  always  thought  that  was  one  of  the  finest 
things  that  ever  went  through,  not  only  in  the  steel  mill 
game,  but  in  any  game.  I  think  that  was  an  exceedingly 
clever  thing,  because  I  had  the  pleasure  of  going  over  a  set 
of  specifications  with  a  blanket  space  left  in  them,  that  was 
sent  out  by  Mr.  Sage's  company,  and  I  was  watching  that 
game  at  that  time  very  closely,  and  I  think  Mr.  Sage  has 
said  a  whole  lot  when  he  said,  "If  you  will  get  together  your- 
selves and  outline  what  you  want,  the  motor  manufacturer 
will  be  more  than  glad  to  meet  you  half  way." 

E.  Friedlaender :  I  would  like  to  call  attention  to  the 
fact  that  the  mill  motor  it  not  a  standard  motor;  you  will 
find  it  is  a  long  way  from  being  standard.  We  are  often  in- 
convenienced by  it  when  laying  out  foundations,  gearings, 
bedplates,  etc.  for  mill  motors.  If  we  provide  for  Westing- 
house  motors,  neither  Crocker-Wheeler  nor  General  Electric 
motors  would  fit  the  machinery — heights,  lengths,  shafts, 
gearings,  etc.  are  different;  nothing  is  standardized.  The 
manufacturers  had  a  good  chance  to  get  together  and  stand- 
ardize these  details,  but  they  overlooked  it. 

E.  Chesrown:  I  have  been  interested  in  several  fea- 
tures of  the  discussion,  as  well  as  Mr.  Crosby's  admirable 
talk  on  standiirdization,  and  some  features  strike  me  as  re- 
quiring considerable  further  consideration.  For  example, 
the  question  of  this  Association  adopting  standards  is  one 
which  it  seems  to  me  is  an  excellent  thing.  I  know  when 
the  conH-any  I  was  then  connected  with  brought  out  their 
mill  motor,  the  question  of  standardizing  the  axle  diameters 
and  other  features  was  brought  up.  and  some  of  the  promin- 
ent engineers  in  the  steel  industry  insisted  on  the  largest 
diameters  which  were  then  possible  with  existing  designs. 
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The  motors  were  made  to  suit  those  diameters  and  it  was 
necessary  to  modify  practically  all  of  them  on  the  first  order. 
Now  another  feature  is  the  question  of  this  Association 
adopting  standards  for  various  sorts  of  service.  That  might 
be  practicable  to  a  considerable  extent  on  a  mill  motor.  We 
find  a  line  of  considerably  standardized  service ;  the  mill  tab- 
les, screwdowns  and  cranes,  cover  very  largely  the  field  to 
which  these  motors  are  applied.  Now  another  feature  en- 
ters, in  that  this  Association  is  composed  of  a  large  number 
of  individuals  with  separate  and  distinct  experience.  A  man 
for  instance,  in  a  sheet  mill  has  a  different  line  of  experience 
to  that  of  a  man  in  a  blooming  mill,  incidentally,  his  idea 
would  be  different.  On  the  other  hand,  manufacturers  have 
a  clearing  house  for  this  information,  such  as  has  been  sug- 
gested, and  they  are  in  position  to  accurately  tabulate  and 
disseminate  this  information ;  and,  as  Mr.  Friedlaender  says, 
are  in  a  position  to  recommend  standards  which  cover  a 
broader  experience  than  any  individuals.  The  consensus  of 
opinion  in  this  organization  would  be  largely  that  of  the 
most  active  and  interested  members  only  . 

It  seems  to  me  that  standardization  can  only  be  carried 
to  a  moderate  degree  of  limitation.  The  question  of  tem- 
peratures can  be  determined.  I  am  referring  now  to  heavier 
service.  Questions  of  efficiency,  performance,  and  on  alter- 
nating current  motors,  the  power  factor,  etc.,  but  whatever 
that  standard  may  be,  it  should  mean  only  one  specific  thing. 
For  instance,  if  a  single  rating  is  adopted,  at  higher  temper- 
ature, it  means  a  smaller  motor  than  if  a  lower  temperature 
is  adopted,  and  if  equivalent  ratings  are  required  they  can 
be  secured  at  a  largely  increased  expense.  This  does  not 
hold  entirely  true,  because  a  motor  designed  with  a  lower 
temperature  will  have  different  characteristics  than  one  de- 
signed for  the  higher  temperature  rating. 

On  control,  of  which  a  large  percentage  is  applied  to 
mill  motors,  it  ought  to  be  equal  on  the  number  of  switches, 
accelerating  steps,  interlocks,  double  or  single  pole  protec- 
tion, etc.,  on  motors  for  mill  tables,  screw  downs  and  cranes. 
A  certain  number  of  steps  between  25  and  50  h.p.  ;25  being 
about  the  limit  for  automatic  control;  another  for  50  to  75 
and  so  on.  That  is  about  as  far  as  they  can  go,  because  of 
their  individual  designs  which  they  must  adopt.     But  it 
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would  certainly  enable  manufacturers  to  standardize  on  the 
number  of  parts,  and  purchasers  could  buy  standard  stock 
for  shipment,  and  consequently  secure  more  prompt  delivery 
and  a  lower  price. 

It  would  be  interesting  to  take  a  vote  by  ballot  on  some 
particular  selected  feature  of  standardization,  and  have  the 
Standardization  Committee  carry  this  to  the  extent  of  com- 
pleting correspondence ;  in  other  words,  insist  on  some  way 
of  getting  the  expression  of  all  individual  members,  then 
tabulate  these,  and  see  how  near  a  standard  can  be  worked 
out  for  this  feature.  I  think  you  would  need  two  or  three 
standards  to  cover  the  requirements  in  the  organization. 
That,  of  course,  means  no  standard,  and  until  the  minority 
members  are  willing  to  accept  as  good  engineering,  the  opin- 
ions of  the  majority  in  the  organization,  it  seems  to  me 
standardization  is  a  considerable  distance  away,  but  that 
does  not  make  it  the  less  desirable  for  the  Standardization 
Committee  to  get  into  co-operation  with  the  manufacturers. 

L.  F.  Galbreath :  In  view  of  the  fact  that  this  meeting 
is  called  for  the  purpose  of  going  into  the  matter  of  stand- 
ardization, 1  think  it  would  be  well  to  consider  the  rating  of 
motors  on  their  commutating  capacity,  as  well  as  giving 
them  a  heat  rating.  1  think  it  would  also  be  advisable  to 
consider  the  designing  cotton  insulated  crane  rated  motors 
to  take  fire-proof  insulation  in  order  to  raise  the  continuous 
rating  of  the  motor  nearer  to  its  commutating  capacity. 
This  would  give  us  a  very  efficient  mill  rated  motor  without 
any  change  in  the  mechanical  parts.  It  would  also  be  a 
good  crane  motor,  where  the  room  temperature  is  high,  as 
the  fire-proof  insulation  would  be  just  as  reliable  at  a  tem- 
perature of  25  degrees  Centigrade  higher  than  the  cotton 
insulation. 

Another  step  towards  standardization  would  be  to  de- 
sign the  motor  as  a  totally  enclosed  ventilated  motor.  This 
would  give  us  an  opportunity  of  choosing  our  ventilating 
air,  also  permit  the  use  of  the  motors  in  hot  and  dirty  places. 
If  the  motor  is  properly  designed  for  self-ventilation,  the 
hot  point  temperature  can  be  reduced,  which  would  make  a 
more  flexible  and  reliable  motor. 

A.  G.  Pierce :  One  point  in  connection  with  standardiz- 
ation, it  seems  to  me,  is  that  electrical  material,  in  a  way. 
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does  not  fall  in  the  same  classification  with  other  compon- 
ents of  the  mill.  The  average  life  of  electrical  material 
specified  and  supplied  is  less  than  other  material.  This 
seems  to  be  accepted  as  a  fixed  condition.  Why  should 
there  be  one  Ufe  standard  for  electrical  material,  and  anoth- 
er life  standard  for  other  parts  of  the  mill?  What  is  the 
proper  ideal  to  which  we  should  aim  in  this  respect  ? 

W.  Greenwood:  I  do  not  know  why  I  should  be  called 
on  to  enter  the  discussion.  I  must  say  that  I  agree  with 
every  speaker  that  has  spoken  here  tonight,  in  their  main 
utterances,  the  substance  of  which  is,  you  can  standardize 
if  you  will  and  you  can't  if  you  will  not ;  you  should  and  you 
should  not.  It  seems  to  me  that  in  this  discussion,  the 
speakers  have  brought  out  the  fact  that  they  have  an  ideal 
in  mind,  or  they  think  an  ideal  can  be  attained,  but  it  is  put 
on  the  other  fellow  to  prescribe  the  ideal.  It  has  been  re- 
marked that  railroads  have  adopted  standards  extensively, 
and  that  the  Car  Builders  Association  have  agreed  to  stand- 
ardize. You  must  not  forget  that  in  these  instances  there 
are  conditions  that  differ  materially  from  the  conditions  that 
exist  in  any  kind  of  manufacture.  The  railroads  are  so 
many  separate  organizations,  but  their  equipment  must  be 
interchangeable  from  the  necessities  of  efficiency.  Their 
tracks  must  be  standard,  and  the  equipment  must  be  so 
standardized  that  the  equipment  of  one  unit  can  be  used  on 
another  unit.  The  conditions  are  nowise  parallel  in  mill 
work.  If  the  standardization  had  been  carried  to  its  full- 
est extent,  they  would  have  included  locomotives  and  all 
other  equipment  besides  the  car  coupler  and  rail.  You  can 
almost  count  on  your  fingers  the  parts  that  are  entirely  in- 
terchangeable. 

There  is  no  denying  that  conditions  for  both  manufac- 
turer and  users  of  equipment,  would  be  much  improved  by 
standardizing  some  parts.  For  instance,  as  was  suggested 
by  one  speaker,  the  height  of  shaft  line  and  the  dimensions 
of  shaft,  to  permit  of  interchange  of  motors  of  similar  cap- 
acity or  for  similar  requirements.  It  does  not  seem  practic- 
able nor  possible  to  standardize  every  particular  feature  in 
electrical  equipment,  as  a  difference  in  characteristics  is 
just  as  important  in  many  instances  as  is  capacity  and 
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danensions.     Further,  complete  standardization  would  tend 
to  destroy  incentive  for  higher  development. 

F.  D.  Egan:  One  thing  has  been  discussed  a  great 
deal,  that  is  the  mill  motor.  When  you  consider  starting 
with  the  building  of  a  plant,  a  question  that  arises,  you 
might  say,  from  the  blast  furnace  to  the  finishing  mill  or  the 
finished  product,  is  the  mill  motor.  I  felt  as  practically  all 
of  the  mill  men  have  felt  that  this  difference  in  speed,  in 
height,  motor  base,  has  been  one  of  the  things  that  gave  us 
the  most  trouble,  yet  I  believe  there  has  never  been  concert- 
ed action  on  the  part  of  the  mill  people,  or  Standardization 
Committee,  to  remedy  anything  of  this  kind.  And  the  same 
with  the  gear.  As  Mr.  Chesrown  said,  we  use  the  same  mo- 
tor on  a  mill  drive  that  is  applicable  to  a  crane,  and  this  re- 
duces power  equipment  at  least  60  per  cent.  Along  the 
line  of  the  mill  motor,  I  feel  it  is  a  great  hardship  on  tbe 
user  for  the  changing  of  this.  Each  of  us  have  100  or  200 
things  standardized,  and  should  we  attempt  to  change  this, 
we  would  find  lots  of  things  nor  interchangeable,  and  I  fed 
it  is  one  of  the  things  that  should  come  before  the  Stand- 
ardization Committee. 

C.  W.  Parkhurst:  This  discussion  has  done  consider- 
able good.  The  mill  motor  has  been  discussed  a  whole  lot 
and  it  seems  that  the  Crocker-Wheeler  Company  deserves 
the  credit  for  the  modern  mill  motor.  The  fact  that  other 
companies  did  not  adopt  similar  standards  is  our  fault.  We 
should  have  made  them  do  so.  The  mill  motor  as  manufac- 
tured by  three  of  the  different  companies  is  standard  as  far 
as  material,  excellence,  tests,  and  temperatures  go,  but  is 
not  standard  in  dimensions.  It  is  too  late  to  rectify  that 
now. 

The  electric  crane  we  wrote  standard  specifications  for, 
many  years  ago,  and  we  certainly  reduced  our  troubles 
by  doing  that.  It  is  the  best  crane  that  has  ever  been 
built,  and  all  the  big  companies  are  using  our  standard  speci- 
fications. 

The  State  of  Pennsylvania  is  working  on  a  safety  stand- 
ard for  electric  cranes,  and  the  standards  have  been  copied 
largely  from  our  standard  specifications. 

I  do  not  agree  with  some  of  the  men  here  on  the  matter 
of  temperature  rating  on  motors  driving  rolling  mills.     Men- 
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tion  was  made  of  a  single  rating.  I  do  not  understand  what 
that  single  rating  is.  I  hope  it  does  not  mean  maximum 
rating,  as  I  prefer  what  is  known  as  normal  rating.  I  have 
found  that  in  designing  a  mill  for  certain  conditions  that 
after  the  mill  is  working  they  want  to  double  the  output  or 
want  to  start  with  a  different  size  bloom,  or  on  a  continuous 
mill  they  want  to  enter  at  3rd  stand  instead  of  the  first. 
Power  requirements  of  mills,  are  affected  by  the  design  of 
the  heating  furnace.  If  the  furnace  is  not  up  to  the  cap- 
acity of  the  mill  they  will  try  to  roll  steel  at  a  lower  temper- 
ature than  the  mill  was  designed  for,  which  means  that  the 
power  requirements  are  increased  several  times  and  a  norm- 
al rating  on  the  motor  is  none  too  safe.  Often  the  motors 
put  on  mills  are  too  small,  not  on  account  of  mistakes  made 
in  specifications,  but  because  the  mill  superintendent  chang- 
es his  mind  as  to  what  he  wants  to  do  with  that  mill  after 
it  is  built. 

G.  E.  Stoltz:  In  regard  to  standardizing  electrical  ap- 
paratus, as  suggested  by  Mr.  Friedlaender,  we  would  be  more 
free  to  do  this  if  we  were  confronted  with  but  five  or  six 
sizes  or  types  like  the  lamp  people  have.  I  believe  that  there 
is  a  possibility  of  going  too  far  in  the  standardization  of  ap- 
paratus. Railroads  standardize  their  track  gauge,  couplers, 
etc.,  but  do  not  standardize  cars,  engines,  etc.  They  are 
now  using  larger  cars,  heavier  engines,  heavier  rails,  and  dif- 
ferent grades  of  steel  than  they  did  several  years  ago.  This 
has  been  a  gradual  development  in  all  the  apparatus  that 
they  employ.  In  the  same  manner  electrical  apparatus  will 
be  improved.  We  must  have  the  assistance  and  ideas  from 
every  manufacturer,  and  fifteen  years  from  now  we  may 
have  entirely  different  motors. 

If  everybody  should  standardize  on  exact  duplicate  appa- 
ratus, development  would  not  be  encouraged.  In  order  to  ob- 
tain this  development  it  is  necessary  that  each  manufactur- 
er work  along  his  own  line ;  each  one  bringing  out  some  fea- 
ture which  may  be  adopted  by  the  others,  and  in  that  way 
be  able  to  place  on  the  market  apparatus  which  is  more  eco- 
nomical and  better  suited  to  the  needs  of  the  customer. 
There  is  no  question  but  that  it  would  be  a  good  idea  to 
standardize  on  the  temperature  rating  of  all  machines,  in- 
stead of  quoting  on  a  motor  having  a  temperature  rvs»e  ot 


696         ;  DISCUSSION:    STANDARDIZATION 

either  35,  40  or  50  degrees.  It  would  simplify  matters  if 
this  association  would  decide  on  which  temperature  guaran- 
tee quotations  should  be  made.  If  it  is  desired  to  have  a 
margin  in  the  capacity  of  a  motor,  a  larger  rated  motor  could 
be  selected  instead  of  purchasing  the  machine  at  86^  rise. 

E.  Friedlaender:  I  think  Mr.  Stoltz  has  misunderstood 
me.  We  should  not  standardize  details,  but  we  should  be 
able  to  interchange  motors,  whether  bought  from  one  or 
more  firms.  We  have  the  A.I.E.E.  standards  and  I  do  not 
think  we  need  to  duplicate  that  ground.  But  where  we 
should  standardize  is  in  sizes.  When  standardizing  in  re- 
gard to  interchangeability,  we  should  not  go  into  detail 
We  don't  care  whether  the  motor  is  made  out  of  cast  iron 
or  steel,  so  long  as  it  will  meet  our  standard  rating  in  tem- 
perature. We  should  standardize  heights,  length,  and  <m 
pinions  and  speeds.  We  are  not  concerned  in  any  details. 
That  is  up  to  the  manufacturer. 

J.  H.  Albrecht:  I  would  like  to  say  something  about 
you  gentlemen  getting  together  on  control  requirements. 
Mr.  Sage  has  stated  when  they  made  the  specification  on  a 
motor,  they  found  the  consensus  of  opinion  ran  within  10 
per  cent.  If  we  take  a  vote  on  the  control  question,  I  feel 
sure  it  wouldn't  come  within  one  hundred  per  cent.  Take 
a  small  detail  like  overload  protection;  one  of  you  gentlemen 
will  say  that  1  don't  want  any.  Another  will  say,  I  want 
two.  I  think  it  would  be  an  important  matter  for  this  As- 
sociation to  get  together  and  arrive  at  a  standard  method 
of  laying  out  controllers;  state  whether  you  want  overload 
protection,  knife  switch,  protecting  relays,  and  features  of 
that  kind.  If  you  decide  on  a  standard,  I  think  we  can  make 
it  for  you. 

W.  Jones:  Regarding  the  standardization  of  the  mill 
motor  itself,  I  do  not  think  there  will  be  so  much  trouble 
about  that.  The  only  thing  I  see  that  we  cannot  stand- 
ardize on  is  the  interchangeability  of  different  makes. 

F.  D.  Egan :  In  the  past  we  bought  what  was  referred 
to  as  a  standard  motor,  and  when  we  would  put  in  an  order 
to  buy  a  duplicate  motor,  we  were  advised  we  could  not  buy 
it.  That  means  you  have  to  start  in  and  buy  a  lot  of  spare 
parts.  If  you  visit  a  storeroom  in  any  steel  mill,  you  wiU 
find  anywhere  from  50  to  75  per  cent,  of  the  stock  is  elect- 
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rical  apparatus,  and  when  we  add  additional  lines,  it  causes 
more  trouble  and  outlay.  I  do  not  believe  that  changing  so 
rapidly  is  a  good  thing. 

Otto  Schaumberg:  It  is  quite  uncertain  to  predict,  at 
the  present  just  how  far  the  various  motor  manufacturers 
may  go  in  standardizing  their  electric  motors  so  that  one 
make  can  be  replaced  by  another  without  making  any  chang- 
es on  the  machinery  to  be  driven.  While  such  an  agree- 
ment, if  you  please  to  call  it  such,  would  be  ideal  from  the 
purchaser's  viewpoint  it  would,  however,  mean  expenditures 
of  millions  of  dollars  to  the  manufacturers  for  which  direct- 
ly, as  far  as  I  can  see,  no  profit  could  be  accounted.  But, 
why  try  to  engineer  the  most  serious  and  complicated  task 
first;  I  sure  have  reason  to  believe  that  your  Standardiza- 
tion Committee  has  lots  of  possibilities  before  them  to 
standardize  within  the  next  two  or  three  years  on  smaller 
apparatus  or  machinery  which  is  more  or  less  special  at  the 
present  with  the  various  leading  electrical  manufacturers. 

Let  us,  for  an  example,  mention  the  various  types  of 
magnetic  controllers  and  starters.  If  I  recall  right,  about 
a  year  ago  we  had  a  standardization  meeting  pertaining  es- 
pecially to  controllers.  So  far,  gentlemen,  I  fail  to  see  the 
results  of  this  meeting  of  a  year  ago.  The  great  number  of 
inquiries  which  come  to  my  attention  from  the  various  steel 
mills  of  this  country,  I  regret  to  notice,  are  far  from  what 
you  would  call  uniform. 

Another  example,  my  record  shows  that  about  95  per 
cent  of  the  engineers  in  steel  mills  are  using  the  tapered 
shaft  on  typical  installations  where  the  steel  mill  type  motor 
is  used.  How  does  it  come  that  the  remaining  5%  cannot 
come  in  line  and  standardize  with  the  remaining  95%. 

Within  the  last  four  or  five  years,  it  must  be  admitted 
your  Standardization  Committee  has  done  a  lot  of  excellent 
work  towards  standardization  by  which  not  only  the  steel 
industries  but  also  a  great  many  other  industries  have  bene- 
fitted, and,  I  safely  can  take  the  responsibility  upon  me  to 
offer  my  Company's  expert  service  to  further  the  good  work 
of  your  Committee. 

H.  J.  Fisher:  I  think  Mr.  Snyder  misunderstood  Mr. 
Stratton's  statements.    Mr.  Stratton  did  not  mean  to  €a.y 
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the  rules  were  not  good,  but  that  competitors  did  not  live 
up  to  them.  The  point  he  meant  to  bring  out  was  that  mills 
try  to  change  more  than  they  can.  They  should  change 
little  by  little,  and,  eventually,  have  all  points  standardized; 
whereas,  if  you  try  to  standardize  everything  all  at  once,  all 
the  competitors  wouldn't  live  up  to  it. 

W,  V.  C.  Brandt :  There  is  one  phase  of  standardization 
that  has  not  been  touched  on  tonight — I  think  probably  all 
the  rest  have.  There  are  some  thirteen  electrical  organiza- 
tions in  Pittsburgh.  A  great  many  of  us  belong  to  several 
of  them.  These  members,  who  belong  to  a  number  of 
these  organizations,  cannot  follow  all  meetings.  Suppose 
we  standardize  at  our  meetings,  and  take  up  the  subject  of 
motors.  The  A.I.E.E.  are  interested  in  motors.  They 
will  have  a  meeting  this  month  and  cover  the  same  ground. 
If  these  different  organizations  get  together  and  have  a 
good  subject,  it  will  be  a  great  help  to  all  members.  There 
is  a  movement  on  foot  to  form  an  association  of  the  various 
organizations  in  Pittsburgh  for  that  purpose.  I  think  your 
directors  are  familiar  with  it.  It  is  moving  along  nicely, 
but  slowly.  When  the  time  comes  to  vote  on  the  welcoming 
of  these  different  Associations,  we  would  like  to  have  your 
support. 

F.  D.  Egan:  We  have  not  attempted,  as  the  manufac- 
turers seem  to  think,  the  standardization  of  any  parts.  We 
have  attempted  a  number  of  times  to  get  meetings  of  the 
Standardization  Committee,  but  it  is  a  hard  matter.  So  the 
intention  of  the  meeting  tonight  was  to  endeavor  to  find  out 
what  the  views  and  opinions  were  of  the  manufacturers,  as 
well  as  the  mill  men,  and  with  that  in  view  it  would  be  pos- 
sible for  the  Standardization  Committee  to  attempt  to  do 
something  if  there  was  a  real  need ;  and  I  feel  that  since  the 
discussion  tonight  we  can  more  zealously  ^et  down  to  work 
than  we  could  in  the  past.  It  was  not  the  intention  of  form- 
ing any  specifications.  The  only  tilings  we  have  standard 
specifications  for  is  the  crane,  motor-generators,  large  trans- 
formers and  the  large  mill  motor.  I  feel,  as  our  President, 
Mr.  Snyder,  has  said,  that  nothing  has  done  as  much  good  as 
that  specification  gotten  up  in  1907.  If  a  person  who  is 
familiar  with  that  specifvcatioii  viould  eKamine  the  specifica- 
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tions  of  the  steel  companies  today,  he  would  find  that  75  per 
cent,  of  the  recommendations  are  carried  out. 

W.  T.  Snyder:  I  was  glad  to  hear  the  Chairman  of  the 
Standardization  Committee  say  his  Committee  is  ready  to 
get  down  to  work,  and  I  hope  we  will  get  something  from 
their  good  resolution.  I  want  to  congratulate  the  Stand- 
ardization Committee  on  their  program  this  evening.  We 
have  had  a  good  many  interesting  meetings,  and  this  has 
been  just  as  interesting  as  any  we  have  had  in  the  past  und- 
er the  direction  of  other  committees ;  and  my  only  regret  is 
that  we  don't  have  more  mill  men  here,  to  hear  what  is  go- 
ing on  if  they  don't  want  to  take  part  in  the  discussion.  I 
also  regret  that  the  mill  men  were  not  here  to  take  their 
part.  Some  had  good  and  legitimate  reasons,  I  know; 
whether  all  did,  I  do  not  know.  We  were  glad  to  have  had 
the  Jovians  with  us  this  evening,  and  hope  we  will  have  the 
pleasure  of  having  them  with  us  again. 


PrMented  at 
PkUaddplua  Monthly  Meetins 
Jane  3.  1916 
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It  will  help  to  understand  the  present  subject  if  we  first 
mention  the  broad  principles  which  form  the  basis  of  all  our 
knowled£:e  of  steam  turbine  work.  We  must  realize  in  the 
first  place  that  complete  information  on  the  properties  of 
steam  must  be  available.  This  information  is  now  embodied 
in  modem  steam  tables  which  have  standardized  all  the  ex- 
perimental and  theoretical  data  on  the  thermal  properties  of 
steam.  Steam  tables  give  us  complete  information  on  the 
amount  of  heat  necessary  to  generate  steam,  that  is,  the 
heat  contents  in  1-lb.  of  steam  over  the  complete  range  of 
practical  application.  You  will  find  in  modem  steam  tables 
very  valuable  data  on  the  properties  of  superheated  steam, 
the  result  of  extensive  investigations  during  the  last  ten 
years. 

In  the  second  place,  it  is  well  to  point  out  that  only  a 
fraction  of  the  total  heat  in  the  steam  is  available  for  doing 
work,  even  in  a  perfect  turbine  having  no  losses  of  any  kind. 
To  bring  out  more  forcibly  the  fact  that  only  a  fraction  of 
the  initial  heat  is  available  for  doing  work,  consider  the  fol- 
lowing illustration : 

A  water  wheel  is  driving  a  50-kw.  generator,  say  the 
load  on  the  generator  is  a  rheostat  which  acts  as  a  heater  to 
generate  steam  in  a  boiler.  Therefore  the  electrical  energy  is 
being  transformed  into  an  equal  amount  of  heat  energy  re- 
presented by  a  definite  rate  of  steam  supply  from  the  boiler ; 
now  if  this  amount  of  steam  so  generated  is  used  in  a  turbine 
it  will  not  be  possible  to  obtain  the  initial  output  of  50-kw. 
delivered  by  the  generator,  but  only  a  fraction  of  it. 
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The  difference  between  the  initial  total  heat  and  that 
utilized  in  producing  work,  is  the  heat  contained  in  the  steam 
as  it  leaves  the  exhaust  opening  of  the  turbine. 

The  initial  total  heat  in  the  steam  and  that  fractitm  of 
it  which  is  available  for  doing  work  is  entirely  determined 
by  the  initial  steam  pressure  and  temperature  and  by  the 
final  pressure  at  the  exhaust  end  of  the  turbine. 


Fig.  1 

Let  us  consider  steam  initially  at  175-lbs.  gauge,  150" 
superheat  and  expanding  to  29"  vacuum  orV^-lb,  per  sq.  in. 
absolute,  see  Fig.  1.  The  initial  heat  per  lb.  of  steam  is 
1281  b.t.u. — the  available  heat  for  doing  work  is  400  b.tu., 
that  is  only  about  Yn  of  the  total  heat  absorbed  in  steam  gen- 
eration. Actually  on  account  of  internal  friction  losses  in 
the  turbine,  the  useful  output  per  lb.  of  steam  in  a  good  tor- 
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bine  is  about  one-fourth  of  the  heat  absorbed  in  steam  £:en- 
eration,  the  remaining  three-fourths  is  carried  away  by  the 
circulating  water  in  the  condenser.  The  temperature  of 
the  exhaust  steam  (80^  to  lOO^F.)  is  too  low  to  be  utilized 
for  heating  and  must  be  considered  as  a  total  loss. 

As  a  second  illustration,  consider  steam  at  the  same 
initial  conditions  as  above,  namely,  175  lbs.  gauge  and  150^ 
superheat,  but  expanding  to  25  lbs.  per  sq.  in.  absolute  in  a 
turbine  running  non-condensing.  In  this  case,  170  b.t.u. 
per  lb.  of  steam  is  available  for  doing  work,  or  about  14% 
of  the  total  heat.  The  remainder  as  well  as  the  friction  los- 
ses in  the  turbine  can  be  utilized  for  steam  heating  since  the 
exhaust  temperature  is  higher,  namely,  about  240<^F.  The 
most  economical  arrangement  is  therefore  the  generation  of 
power  with  non-condensing  turbines,  provided  that  there  is 
a  demand  to  utilize  all  the  exhaust  steam  for  heating.  For 
in  this  case  all  the  heat  supplied  can  be  accounted  for  on  the 
right  side  of  the  ledger.  Even  the  internal  friction  losses 
in  the  turbine  appear  as  heat  in  the  exhaust  steam  which  can 
be  utilized.  The  same  can  of  course  be  said  of  that  fraction 
of  the  steam  which  is  extracted  for  heating  in  the  bleeder 
turbine. 

Finally  consider  the  case  very  common  in  steel  mills, 
where  large  quantities  of  low  pressure  steam  are  available 
for  power  purposes.  Initially  dry  steam  at  a  pressure  of  16 
lbs.  per  sq.  in.  absolute  has  a  total  heat  per  lb.  of  1150  b.t.u. 
When  this  low  pressure  steam  expands  to  a  vacuum  of  29", 
an  amount  of  heat  equal  to  210  b.t.u.  per  lb.  is  available  for 
doing  work,  which  should  be  noticed  is  about  one-half  of  the 
available  energy,  for  the  first  case  considered. 

Now  one  of  the  virtues  of  the  steam  turbines  is  that  it 
is  adaptable  for  any  of  the  steam  conditions  mentioned 
above.  No  difficulty  should  be  experienced  in  designing  a 
turbine  for  any  range  of  energy  covered  by  steam  charts  and 
regardless  of  initial  or  final  conditions  as  to  pressure  and 
temperature.  Furthermore,  the  efficiency  of  the  turbine 
can  be  made  to  be  practically  the  same,  regardless  of  the 
range  of  energy  utilized.  What  really  determines  the  effi- 
ciency of  commercial  units  are  methods  of  manufacturing, 
development,  cost  and  competition. 
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We  have  so  far  considered  the  thermal  properties  of 
steam  as  related  to  non-condensing  and  bleeder  turbines 
which  furnish  steam  for  heating,  or  low  pressure  turbines 
which  utilize  low  pressure  steam  for  power  purposes.  We 
desire  to  point  out  next  the  characteristic  manner  in  which 
the  available  energy  is  utilized  in  steam  turbines.  All  types 
of  turbines  have  this  in  common,  that  the  available  energy 
is  utilized  in  producing  steam  jets  in  alternating  rows  of 
stationary  and  moving  buckets.  These  steam  jets  act  on  the 
movable  buckets  and  thus  do  work.  The  total  range  of 
available  energy  is  utilized  generally  in  a  number  of  stages 
in  series,  a  condition  which  enables  a  turbine  to  readily  ad- 
apt itself  for  mixed  flow  operation. 

We  will  proceed  to  review  briefly  the  various  tjrpes  of 
turbines  which  either  furnish  low  pressure  steam  for  heat- 
ing or  utilize  low  pressure  steam  for  power.  Of  these  types, 
only  the  mixed  pressure  turbine— that  is  the  turbine  that  can 
operate  either  on  low  pressure  or  high  pressure  steam — of- 
fers any  special  problems  in  design,  relating,  namely,  to  the 
method  of  governing,  so  as  to  automatically  adapt  itself  to 
the  amount  of  low  pressure  steam  available.  A  design  for 
a  mixed  pressure  governor  as  built  by  the  Southwark  Foun- 
dry and  Machine  Company  for  turbo-generators  and  turbo- 
blowers will  be  explained  later. 

We  will  briefly  review  the  various  types  of  turbines  that 
can  be  classed  under  the  subject  of  this  talk. 

STRAIGHT  NON-CONDENSING  TURBINES 

As  stated  previously,  an  ideal  method  of  power  genera- 
tion is  by  means  of  non-condensing  turbines,  provided  that 
all  the  exhaust  steam  can  be  utilized  for  heating.  For  this 
case,  the  power  obtained  can  be  considered  as  a  by-product. 
There  are  a  number  of  installations  of  this  kind  for  units  of 
capacity  up  to  1500-kw.  It  is  interesting  to  note  that  such 
turbines  can  generally  be  built  to  have  a  comparatively  good 
efficiency,  say  about  lO^r .  In  fact  this  efficiency  is  higher 
than  that  of  an  average  condensing  machine  of  the  same 
capacity  now  on  the  market.  It  should  be  noted,  however, 
that  the  efficiency  of  such  a  turbine  is  not  of  primary  im- 
portance, if  use  can  be  mstd^  ot  all  exhaust  steam  for  heat- 
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itig,  because  the  friction  losses  in  the  turbine  appear  as  use- 
ful heat  in  the  exhaust.  Such  turbines  operate  with  ex- 
haust pressure  varying  between  zero  to  15  or  20-lbs.  per 
sq.  in.,  gauge. 

The  non-condensing  turbines  referred  to  so  far  are  for 
installation  where  the  exhaust  heat  is  used  for  manufactur- 
ing purposes  all  the  year  around.  When  the  exhaust  steam 
is  used  for  heating  buildings,  it  is  sometimes  advisable  to  in- 
stall a  straight  non-condensing  turbine  that  would  operate 
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condensing  during  summer  months.  This  arrangement  is  to 
be  recommended  in  plants  where  a  condenser  large  enough  to 
accommodate  such  a  turbine  is  already  a  part  of  the  equip- 
ment. The  advantages  are  low  first-cost,  since  a  non-con- 
densing machine  is  generally  cheaper  than  a  condensing  ma- 
chine of  the  same  size.  A  straight  non-condensing  turbine 
(as  shown  in  Figure  2)  will  show  a  fair  improvement  in 
water  rate  when  operating  condensing  with  a  vacuum  not 
exceeding,  say  26"  or  27"  of  mercury. 
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STRAIGHT  CONDENSING  TURBINES  OCCASIONALLY 
OPERATING  NON-CONDENSING 

In  some  installations  it  pays  to  shut  down  the  condenser 
and  run  the  turbine  non-condensing  at  such  periods  when 
the  exhaust  steam  can  be  used  for  heating.  It  is,  of  course, 
necessary  that  the  turbine  should  be  designed  to  carry  full 
load  non-condensing.  It  is  well  to  keep  in  mind  that  a  tur- 
bine can  be  arranged  so  as  to  carry  full  load  non-condensing 
without  any  sacrifice  in  steam  economy  when  operating  con- 
densing and  without  any  marked  increase  in  cost.  It  is,  of 
course,  important  that  the  designer  should  know  the  non- 
condensing  requirements  beforehand. 


Fig.  ; 


STEAM  EXTRACTION  OR  BLEEDER  TURBINES 
We  will  now  consider  a  mixed  flow  turbine.  It  is  common 
priictice  to  adapt  condensing  turbines  for  steam  extraction. 
The  first  stage-  pressure  in  a  machine  of  this  type, 
(Figure  ;{)  is  about  r>(l-lbs.  per  S(|.  in.  gauge.  It  is  possible, 
therefoi-e,  to  provide  an  oi)ening  in  the  first  stage  from  which 
variou.^  iimoiiiits  of  steam  can  be  extracted  for  manufactur- 
ing or  heating  ijurposes.  No  special  devices  are  necessary 
beyond  a  pressure-reducing  valve  in  the  extraction  line.  The 
first  stage  pressure  will,  of  course,  vary  with  the  load  and 
with  the  amount  of  steam  extracted.  The  pressure-reduc- 
ing valve  in  the  extraction  line  will  maintain  t>-o  desired 
constant  pressure  by  throttling  (5  to  10  lbs.)     This  thrott- 
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ling  in  the  extraction  line  is,  of  course,  not  objectionable 
since  all  the  heat  is  still  available  for  the  purpose  on  hand. 
There  is,  of  course,  no  internal  throttling  for  that  part  of  the 
steam  that  flows  through  the  turbine  and  acts  on  the  blades. 
There  is  a  minimum  load  below  which  no  steam  can  be  ext- 
tracted,  because  of  the  low  first  stage  pressure  (see  Fig.  4). 
For  any  load  the  amount  of  steam  that  can  be  extracted 
increases  as  the  extraction  pressure  decreases,  because 
of  the  fact  that  with  the  lower  first  stage  pressure,  less 
steam  flows  to  the  condenser  and  therefore  more  steam  can 
be  extracted  to  maintain  the  load.  We  repeat,  all  that  was 
stated  above  applies  for  a  straight  condensing  machine  with 


Fig.  4 

no  other  provision  for  steam  extraction  except  the  opening 
in  the  casing. 

Experience  has  shown  that  in  many  cases  a  machine  of 
this  kind  generally  fulfills  all  the  requirements  for  steam  ex- 
traction, thus  avoiding  mechanical  complications,  higher  first 
cost  and  any  compromise  of  turbine  performance  when 
operating  straight  condensing  without  any  steam  extraction. 
Turbines  can  also  be  designed  to  maintain  automatically  the 
stage  pressure  and  hence  the  extraction  line  pressure  con- 
stant, by  special  internal  valves.  These  valves  regulate  the 
flow  to  the  condenser  to  suit  variable  extraction  require- 
ments and  various  loads. 
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STEAM  COMPRESSORS 

Before  leaving  this  subject,  it  may  be  interesting  to 
mention  that  at  some  plants,  particularly  oil  refineries,  the 
low  pressure  steam  available  from  various  sources  must  be 
compressed  to  about  10  lbs.  per  sq.  in.  gauge,  before  it  can 
be  applied  for  heating  in  special  apparatus.  The  compres- 
sors are  of  the  centif  ugal  type,  driven  by  turbines  using  live 
steam  directly  from  the  boilers  and  exhausting  at  10  lbs. 
per  sq.  in.  gauge ;  the  exhaust  steam  from  the  drivers  being 
utihzed  for  heating  purposes.  In  other  words,  it  pays  to 
compress  low  pressure  steam  to  some  higher  pressure  which 
may  be  demanded  by  heating  apparatus  and  then  applied  for 
heating. 

LOW  PRESSURE  TURBINES 

This  type  is  designed  to  utilize  for  power,  low  pressure 
steam  that  may  be  available  from  various  sources.  These 
turbines  are,  of  course,  operating  condensing.  They  do  not 
offer  any  peculiarity  of  design,  except  that  on  account  of 
the  lower  available  energy  per  lb.  of  steam,  fewer  stages  are 
necessary  as  compared  with  the  straight  high  pressure  con- 
densing machine.  It  is  also  well  to  point  out  that  the 
amount  of  steam  for  a  given  load  is  approximately  twice  that 
required  for  a  straight  high  pressure  condensing  machine 
of  the  same  capacity.  No  special  methods  of  speed  control 
are  necessary. 

A  familiar  application  of  the  low  pressure  turbines  is 
to  operate  them  in  series  with  existing  reciprocating  engines 
and  thereby  increase  the  plant  capacity.  When  both  en- 
gines and  low  pressure  turbines  are  driving  alternators  con- 
nected to  the  same  bus-bars,  it  is  well  known  that  no  speed 
governor  is  necessary  for  the  low  pressure  unit,  since  the 
governing  is  being  taken  care  of  by  the  high  pressure  unit. 

For  central  station  work,  where  floor  space  is  of  great 
importance,  experience  has  shown  that  the  installation  of 
low  pressure  turbines  in  series  with  existing  reciprocating 
engines  is  not  to  be  recommended.  The  station  capacity 
can  be  increased  more  effectively  by  eliminating  the  recip- 
rocating units  altogether  and  installing  straight  high  pres- 
sure condensing  turbines. 
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For  steel  mills  a  mixed  pressure  turbine  is  generally 
preferred  and  this  type  will  be  discussed  next. 


MIXED  PRESSURE  TURBINES 
The  characteristic  feature  of  this  type  is  the  provision 
of  two  distinct  groups  of  wheels  or  stages.  One  group  is 
formed  by  the  low  pressure  bucket  wheels,  supplied  with  low 
pressure  steam  through  a  special  opening  in  the  casing.  The 
second  group  is  formed  by  a  number  of  bucket  wheels  which 
run  idle  when  suflicient  low  pressure  steam  is  available  to 
carry  the  load,  and  become  effective  when  the  supply  of  low 
pressure  steam  is  entirely  shut  off,  in  which  case  the  turbine 
operates  as  a  straight  condensing  unit.  They  also  become 
operative  when  the  amount  of  low  pressure  steam  available 


Fig.  6 

is  insufficient  to  carry  the  load  and  an  additional  supply  of 
high  pressure  steam  is  necessary,  in  which  case  the  turbine 
is  operating  as  a  mixed  pressure  unit.  It  should  be  under- 
stood that  the  steam  flowing  through  the  high  pressure 
wheels  also  acts  successively  on  the  low  pressure  wheels. 

Fig.  5  shows  a  3,000  h.p.,  3,600  r.p.m.  turbine,  driving  a 
centrifugal  blower  for  Bessemer  service,  the  low  pressure  ele- 
ment consists  of  two  bucket  wheels  which  have  diameter  ap- 
preciably larger  than  the  two  high  pressure  wheels.  This  is 
in  (M^r  to  reduce  windage  losses  of  the  high  pressure  ele- 
ment when  the  turbine  is  operating  with  low  pressure  steam 
only.     For  low  pressure  operation,  the  energy  is  about  e<\ua.l- 
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ly  divided  between  the  two  low  pressure  wheels,  thus  with  an 
initial  pressure  of  16  lbs.  per  sq.  in.  absolute  and  an  exhaust 
pressure  of  1  lb.  per  sq.  in.  absolute,  the  stage  pressure  win 
be  about  4V^  lbs.  per  sq.  in.  absolute. 

When  the  low  pressure  steam  is  entirely  cut  off,  all  the 
four  wheels  are  operating  in  series,  as  in  any  straight  con- 
densing machine.  For  this  case,  the  stage  pressures  at  full 
load  of  3000  h.p.  are  as  follows : 

Initial  steam  pressure  at  the  throttle,  150  lbs.  per  sq.  in.  ' 
First  stage  pressure,  18  lbs.  per  sq.  in.  abs. 
Second  stage  pressure,  8^  lbs.  per  sq.  in.  abs. 
Third  stage  pressure,  3  lbs.  per  sq.  in.  abs. 
Exhaust  pressure,  1  lb.  per  sq.  in.  abs. 

The  available  energy  utilized  in  the  first  stage  is  ap- 
preciably higher  than  in  any  of  the  following  stages  on  ac- 
count of  the  use  of  a  Curtis  element  in  this  stage.  The  divis- 
ion of  energy  for  this  high  pressure  condition  is  very  satis- 
factory ;  in  fact,  no  compromise  is  effected  in  obtaining  good 
performance  with  either  straight  low-pressure  operation  or 
straight  high-pressure  operation.  For  mixed-pressure  op- 
eration when  only  a  small  amount  of  high-pressure  steam  is 
necessary  to  carry  full  load,  the  second  stage  operates  at  a 
disadvantage,  because  the  available  energy  to  be  utilized  for 
that  stage  will  be  lower  than  suited  for  maximum  efficiency. 
It  should  be  noted,  however,  that  it  is  better  suited  than  any 
other  stage  to  utilize  such  small  energies  because  of  the  fact 
that  it  has  only  one  row  of  buckets  of  smaller  pitch  diame- 
ter. 

This  turbine  will  carry  full  load  non-condensing  in  case 
the  condenser  should  break  down.  For  this  purpose  an 
overload  valve  is  provided,  admitting  high-pressure  steam  to 
the  first  stage. 

Before  describing  the  method  of  operating  this  partic- 
ular machine,  we  will  consider  a  mixed-pressure  governor  as 
applied  to  a  turbine  generator,  (see  Figure  6.)  The  low 
pressure  valve  and  the  separate  high  pressure  valve  are  botli 
under  the  control  of  a  speed  governor  which  in  this  case  is 
directly  connected  to  the  shaft  of  the  machine.  This  gover- 
nor does  not  act  directly  on  either  high-pressure  or  low-pres- 
sure valves,  but  through  the  intermediary  of  a  special  lever 
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which  is  connected  to  a  so-called  selective  cylinder.  This 
consists  of  an  inverted  bell  floating  in  a  cylinder  containing 
mercury.  The  mercury  acts  as  a  steam  seal  and  also  re- 
duces friction.  The  position  of  inverted  bell  is  determined 
by  pressure  inside  of  it,  which  is  that  of  low-pressure  main. 
With  sufficient  amount  of  low-pressure  steam  available,  the 
pressure  will  be  full  value  of  16  lbs.  per  sq.  in.  absolute.  For 
this  position,  the  special  lever  mentioned  above  keeps  the 
high-pressure  valve  closed  so  that  the  speed  governor  can 
only  act  on  the  low-pressure  valve,  which  is  the  desired  re- 
sult.    When  no  low-pressure  steam  is  available,  the  inverted 


bell  mentioned  above  drops,  because  of  the  low-pressure  in 
the  line.  This  moves  the  special  lever  mentioned  above  in 
such  a  position  as  to  close  the  low-pressure  valve.  For  mix- 
ed-pressure operation,  the  inverted  cylinder  occupies  an  in- 
termediate position,  depending  on  the  amount  of  low-pres- 
sure steam  available.  This  intermediate  position  will  de- 
termine the  relative  opening  of  the  high-pressure  and  low- 
pressure  valves  and,  therefore,  the  relative  amounts  of  steam 
flowing  from  these  two  separate  sources.  The  speed  gov- 
ernor will  in  this  case  act  simultaneously  on  both  valves  in 
order  to  govern.  It  will  close  both  valves  if  the  load  falls 
off  or  it  it  will  open  both  valves  should  the  load  increase. 
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MIXED  PRESSURE  GOVERNOR  FOR  BESSEMER 

TURBO-BLOWERS. 

For  this  particular  service  the  object  is  to  maintain  a 
constant  pressure  at  the  discharge  opening  of  the  blower. 
This  pressure  regulation  is  obtained  by  connecting  the  dis- 
charge of  the  blower  to  a  cylinder,  in  which  fits  a  piston. 
This  piston  accomplishes  the  constant  pressure  regulation 
by  acting  directly  on  the  valve  gear  in  such  a  way  as  to  re- 
duce the  speed  and  close  both  high  and  low-pressure  steam 
valves,  if  the  air  pressure  tends  to  rise.  The  air  piston  will 
open  both  valves  and  increase  the  speed  as  the  pressure 
tends  to  f alL  The  speed  governor  for  the  present  purpose, 
acts  only  as  a  speed  limiting  device,  that  is,  when  the  pres- 
sure regulator  mentioned  above  tends  to  increase  the  speed 
of  the  turbine  beyond  a  safe  value,  the  speed  governor  takes 
hold  and  limits  the  speed  to  a  safe  pre-determined  value,  the 
same  as  in  any  turbo-generator.  Below  this  speed  the  gov- 
erning is  done  entirely  by  the  pressure  regulator  mentioned 
above. 

This  being  a  mixed  pressure  unit,  the  mechanism  also 
incorporates  a  selective  cylinder  such  as  previously  describ- 
ed for  a  mixed  pressure  turbo-generator.  Here  again  the 
selective  cylinder  which  is  an  inverted  cylinder  floating  in 
mercury,  is  applied  in  order  to  automatically  take  care  of 
variable  amounts  of  low-pressure  steam.  With  a  suflScient 
amount  of  low-pressure  steam  available  to  carry  full  load, 
this  inverted  cylinder  will  rise  and  by  this  motion  it  will 
practically  lock  the  high-pressure  valve  closed  or  when  the 
amount  of  low-pressure  steam  is  negligible,  this  cylinder  will 
drop  and  close  the  low-pressure  valve  entirely  and  the  unit 
will  then  operate  as  a  straight  high-pressure  condensing  ma- 
chine. Between  these  two  limits  of  low-pressure  steam  sup- 
ply, the  inverted  cylinder  will  occupy  an  intermediate  posi- 
tion, in  which  case  the  pressure  regulator  which  normally 
does  the  governing,  will  act  simultaneously  on  both  the  high- 
pressure  and  the  low-pressure  valves,  in  order  to  maintain 
constant  air  pressure  at  the  discharge  of  the  blower. 

The  governing  mechanism  assumes  large  proportions 
as  compared  with  the  size  of  the  turbine  on  account  of  the 
mixed-pressure  gear.    This  is  partly  due  to  the  comparative- 
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ly  high  speed  of  3600  r.p.m.  which  enables  us  to  obtain  the 
sruaranteed  steam  consumption  with  comparatively  few  num- 
ber of  sta^fes,  therefore,  the  overall  dimensions  of  the  tur- 
bine are  not  excessive.  The  blower  end  is  of  the  double 
type  with  two  inlets  at  the  bottom  and  a  single  discharge 
opening  at  the  top.  The  whole  unit  rests  on  a  concrete 
foundation  in  which  air  ducts  are  provided.  It  is  interesting 
to  know  that  two  machines  of  this  type  are  now  being  built 
and  that  a  number  of  these  machines,  of  somewhat  different 
design,  are  in  operation  for  Bessemer  service  as  well  as  for 
blast  furnaces. 
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Under  the  Ausiuces  of  Educational  Committee,  A.  I.  &  S.  E.  E. 


W.  T.  Snyder:  The  subjects  of  our  meeting  at  Pitts- 
burgh during  this  year  are  an  indication  of  the  work  we  try 
to  do  as  an  organization  in  the  field  for  which  we  were  or- 
ganized to  work.  They  are  also  an  indication  of  the  import- 
ance that  we,  as  an  organization,  attach  to  the  human  ele- 
ment of  the  problems  with  which  we  have  to  deal.  Our  first 
meeting  under  the  direction  of  our  different  conmiittees  was 
a  safety  meeting,  primarily  dealing  with  subjects  pertaining 
to  the  welfare  of  those  with  whom  we  work.  The  next 
three  meetings  had  to  do  with  equipment,  material,  and  the 
practical  problems  that  are  coming  up  from  day  to  day  in  the 
steel  industry.  The  next  meeting,  which  is  the  meeting  of 
this  evening,  is  on  the  subject  of  Education;  a  subject, 
which,  to  my  mind,  is  one  of  the  most  important,  if  not  the 
most  important,  problem  in  the  iron  and  steel  industry,  as 
well  as  other  industries.  We  are  interested  in  the  education, 
not  alone  of  our  apprentices  and  undergraduates,  but  in  the 
education  and  training  of  the  entire  force.  We  are  not,  as 
an  organization,  as  much  concerned  in  the  secular  education, 
that  is  the  training  of  the  mind  or  development  of  the  mem- 
ory; that  we  must  leave  to  our  schools,  colleges  and  universi- 
ties. We  are,  however,  very  much  interested  and  concerned 
in  the  vocationlaJ  education  and  training  of  ourselves  and 
those  with  whom  we  come  in  contact  in  the  industry.  We 
are  concerned  with  this  phase  of  the  education  of  our  men  in 
the  industry  because  it  has  to  do  with  the  practical  applica- 
tion of  the  theoretical  knowledge  that  they  have  obtained 
when  they  come  to  us,  and  that  is  an  important  factor  in  the 
development  of  our  great  industries. 

The  meeting  this  evening  will  be  along  the  line  of  other 
meetings  we  have  conducted  throughout  the  year  in  Pitts- 
burgh, and  will  be  under  the  direction  of  the  chairman  of 
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the  Educational  Committee,  Mr.  Chaa.  A.  Menk,  mider  iriioae 
direction  the  program  for  thia  evening  waa  prepared. 

C  A.  Menk:  As  chairman  of  your  Edaoational  Com- 
mittee, it  gives  me  a  great  ^teal  of  pleaaure  to  have  witb  ua 
tonight,  some  of  the  men  who  have  to  do  with  the  tzaining 
of  the  rising  generation.  One  of  these  men  probaUy  has 
had  more  to  do  with  it  than  anyone  else  I  know.  We  have 
with  us  Mr.  Alexander,  of  the  GeneMl  Electrie  Conpany, 
West  Lynn,  Mass. ,  who  is,  I  understand,  m  chaige  of  timo^ 
educational  work  in  their  factories  all  over  the  ooontzy.  Ba 
will  talk  to  us  and  show  us  some  lantern  slides,  showing  what 
they  are  doing  for  the  rising  generation  they  expect  to  nae 
in  tiie  future. 

M.  W.  Akxander:    Three  problems  of  fundamental  im- 
portance enter  into  industrial  production: 
The  Material  Problem, 
The  Machine  Problem, 
The  Man  Problem. 
The  last  should  also  be  spelled  'The  MAIN  Ftdbtam",  for 
it  is  the  most  important  of  the  three.   It  is  also  the  most  ^- 
ficult  to  deal  with,  and  the  most  neglected ;  perhaps  it  is  the 
most  neglected  because  it  is  the  most  difficult.    Yet  on  its 
proper  solution  hinges  largely  the  success  of  an  industrial 
enterprise  and  its  capacity  to  maintain  itself  in  competition 
with  enterprises  of  similar  character. 

All  manufacturers  can  buy  materials  of  about  the  same 
chlaracter  and  grade  at  about  the  same  price ;  they  can  also 
purchase  or,  if  need  be,  design  and  make,  or  have  made,  ma- 
chines of  like  productivity  and  cost  to  those  used  by  their 
competitors.  Moreover,  they  can  study  the  successful 
manufacturing  methods  of  another  concern  and  adopt  them 
in  full  or  part  or  improve  upon  them.  Yet  when  it  comes 
to  securing  and  maintaining  the  personnel  land  effectiveness 
of  an  industrial  organization,  only  intelligent  effort  through 
many  years  will  enable  one  manufacturer  to  attain  the  ad- 
vantages in  this  respect  which  another  possesses  by  virtue 
of  the  efficiency  of  his  human  organization. 

Some  ei^ht  years  ago  a  delegation  of  Japanese  states- 
men, manufacturers  and  educators  visited  the  United  States 
>and  in  its  travels  found  its  way  to  the  "Hub  of  the  Universe'' 
— ^Boston.    These  Japanese  visited  among  other  places  of  in- 
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terest  and  importance,  Harvard  University  at  Cambridge, 
Mass.,  and  were  impressed  with  the  arrangement  of  the  phy- 
sical property,  the  splendid  educational  facilities  and  the  fine 
spirit  that  prevailed  in  this  institution  of  learning.  Turning 
to  the  then  active  President,  Dr.  Chas.  W.  Eliot,  the  spokes- 
man of  the  delegation,  inquired  how  much  it  would  cost  to 
duplicate  the  Harvard  plant  in  ToMo.  With  his  inimitable 
directness  of  speech.  Dr.  Eliot  answered,  "It  would  take  but 
a  few  million  dollars  to  duplicate  the  buildings  and  the  phy- 
sical apparatus  in  them ;  it  would,  however,  take  at  least  one 
hundred  years  to  duplicate  the  spirit  of  the  institution." 
This  little  incident  is  a  pertinent  illustration  of  the  import- 
ance and  character  of  the  Man  problem  in  industry. 

There  are  nvany  phases  of  the  man  problem  which  dove- 
tail into  each  other,  each  of  which  challenges  careful  study 
and  intelligent  attention.  How  to  secure  the  right  men  and 
women  for  the  multiphase  activities  of  an  industrial  or- 
ganization; how  to  direct  each  into  the  sphere  of  grenatest 
usefulness,  so  that  the  round  peg  will  fit  the  round  hole,  and 
the  square  peg  the  square  hole ;  how  to  train  these  men  and 
women  in  their  duties  and,  more  important,  how  to  train  un- 
trained boys  and  girls  for  industrial  usefulness  and  efficiency 
and  how  to  handle  the  men  and  women  already  employed, 
from  the  human  as  well  as  from  the  economic  standpoint; 
how  to  automatically  promote  those  who  by  their  capacity, 
attitude  and  loyalty  deserve  such  promotion;  how  to  main- 
tain the  interest  of  workmen  even  in  monotonous  work  and, 
generally,  how  to  bring  contentment  into  their  present  work 
and  yet  stimulate  the  ambition  of  workmen  toward  a  better 
future — these  are  some  of  the  vital  phases  of  the  Man  prob- 
lem that  loom  more  prominently  as  industrial  work  becomes 
more  and  more  complex  and  larger  aggregations  of  men  and 
women  are  brought  into  close  working  relationship. 

I  shall  tonight  address  myself  to  only  one  aspect  of  the 
Man  problem,  yet  one  of  such  paramount  importance  that  I 
sometimes  feel  that  its  proper  solution  will  make  the  solu- 
tion of  all  the  others  a  comparatively  easy  task. 

I  intended  at  first  to  speak  generally  on  the  training  of 
man,  sketching  in  broad  outline  the  efforts  now  made  in  the 
shop,  in  the  public  and  private  school  and  through  co-opera- 
tion of  these  agencies,  in  developing  the  skill  and  efficiency 
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of  American  workmen.  On  second  thought,  however,  I  de- 
cided to  deal  briefly  with  the  philosophy  that  should  under- 
lie the  training  of  men  in  industry,  but  to  speak  more  fully 
on  the  successful  application  of  this  philosophy  to  a  practical 
effort  in  industry  with  which  I  have  been  personally  connect- 
ed since  its  beginning.  In  speaking  thus  concretely  of  one  in- 
dustrial educational  effort,  I  want  to  make  it  clear  that  I  am 
not  endeavoring  to  propound  any  one  system  of  training  of 
men  as  against  any  other  successful  system,  for  I  know  too 
well  that  the  surrounding  conditions  and  the  personality  of 
the  men  available  for  the  work  are  panamouht  factors  in  de- 
termining the  efficacy  of  one  or  another  method.  I  claim, 
however,  that  the  broad  principles  underlying  the  training  of 
men  in  this  instance  are  equally  and  as  successfully  appKc- 
^ble  to  similar  work  in  other  industrial  establishments 
though  they  will  have  to  be  modified  in  degree  to  suit  their 
size  and  character. 

Efforts  to  teach  the  young  man,  whether  young  in  age 
or  experience,  the  knowledge  or  skill  already  acquired  by  his 
older  brother,  is  as  old  as  mankind.  With  the  social  and 
economic  changes  which  develop  during  the  centuries,  the 
char'acter  of  the  problem  varied,  changing  at  first  from  the 
need  of  a  purely  vocational  to  that  of  a  more  pronounced 
scholastic  training. 

During  the  last  century,  however,  the  vocational  aspect 
again  forged  prominently  to  the  front,  especially  in  countries 
like  United  States  in  which  industrial  activities  rapidly  be- 
gan to  predominate  over  agricultural,  and  the  system  of  edu- 
cation had  to  accommodate  itself  to  the  new  requirements. 
Thus  the  teaching  of  the  mechanical  arts  developed  on  a 
large  scale  ;a  m<arked  impetus  was  given  it  in  the  United 
States  by  the  industrial  reconstruction  i^eriod  following  the 
Civil  War.  As  new  industrial  enterprises  were  started  and 
as  older  ones  grew  larger,  their  owners  made  it  their  concern 
to  teach  young  fellows  the  practical  work  in  which  they 
themselves  were  engaged.  Soon,  under  the  influence  of 
American  genius,  industry  expanded  at  such  a  rapid  pace 
that  it  become  necessary  to  specialize  in  industrial  processes 
to  a  larger  degree  than  ever  before.  Somewhat  misled  by 
the  immediate  results  of  specialization  which  permitted  the 
effective  employment  of  semi-skilled  and  even  unskilled  work- 
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men,  employers  came  to  believe  that  the  need  for  well-trained 
all-round  skilled  mechanics  was  now  less  important,  and 
they  discontinued  to  a  large  extent  their  efforts  for  system- 
atic trade  training. 

But  these  employers  failed  to  consider  that  the  greater 
specialization  of  industry  on  the  basis  of  wholesale  produc- 
tion, and  with  it  the  utilization  of  multitudes  of  workers,  re- 
quired a  large  number  of  highly  trained  men  to  lead  and  dir- 
ect this  ever-growing  industrial  army.  They  did  not  realize 
that  the  more  complex  machinery,  through  which  specializa- 
tion was  largely  made  possible,  also  called  for  a  higher  type 
of  all-round  mechanics  to  design,  construct  and  install  this 
machinery.  About  that  time,  also,  manual  training  began 
to  be  introduced  into  the  public  school  system  and  employers 
readily  shirked  their  responsibility  for  the  training  of  crafts- 
men by  shifting  it  to  the  public  school  without,  however,  any 
assurance  that  the  schools  would  be  able  to  develop  quickly 
and  effectively  the  required  type  of  industrial  workers. 

American  employers,  however,  soon  become  disillusion- 
ized. The  exhibition  in  Chicago  in  1903  displayed  the  pro- 
ducts of  the  mechanical  skill  of  foreign  nations  so  impres- 
sively as  to  awaken  American  employers  to  the  necessities 
of  the  situation.  Once  more  they  realized  that  the  final 
responsibility  for  training  skilled  workers  must  rest  upon 
them,  even  though  they  might,  *as  they  should,  take  justified 
advantage  of  the  valuable  help  which  public  schools  could 
render.  The  thought  was  born  anew  among  employers  that 
only  through  the  revival  of  the  apprenticeship  system,  modi- 
fied to  suit  new  industrial  conditions,  could  they  secure  the 
superior  intelligent  skill  through  which  they  could  fortify 
themselves  against  foreign  competition. 

Quite  a  few  examples  of  effective  trade  training  in  in- 
dustry can  be  cited;  their  number,  however,  is  only  as  a 
drop  in  the  bucket  when  it  is  remembered  that  there  are 
about  300,000  manufacturing  establishments  in  the  United 
States,  each  with  its  need  of  skilled  or  semi-skilled  workers. 
Most  employers  are  giving  little  heed  to  this  pressing  need ; 
yet  unless  American  employers  generally  shall  awaken  quick- 
ly to  the  necessity  of  developing  an  adequate  and  continuing 
supply  of  intelligent  workers  who  shall  be  masters  of  their 
craft,  the  day  will  speedily  come  when  American  made  pro- 
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ducts  will  largely  be  supplanted  by  those  of  foreign  manufac- 
ture. 

The  'average  employer,  not  from  necessity  but  because 
of  thoughtlessness  or  habit,  still  prefers  to  get  workmen 
whom  someone  else  has  trained.  But  if  he  can  be  shown  by 
concrete  examples  that  he  can  readily  train  his  own  skilled 
workers  to  meet  the  special  requirements  of  his  business  as 
well  as  to  be  all-round  mechanics  of  general  usefulness,  the 
chances  are  that  he  will  sense  his  responsibility  and,  with 
the  usual  enterprise  and  acumen  of  the  American  business 
man,  will  apply  himself  seriously  to  the  task. 

On  this  basis  I  am  glad  to  speak  of  the  practical  efforts 
of  the  General  Electric  Company  for  effective  training  of 
men.  I  am  confining  myself  to  a  description,  by  word  and 
picture,  of  the  educational  systems  established  at  the  Lynn 
Works  of  the  Company,  because  the  system  originated  there 
and  has  been  developed  to  a  greater  extent  at  Lynn  than  at 
the  other  plants  where,  however,  the  same  general  system  is 
in  force. 

While  the  General  Electric  Company  today  emplojrs 
over  65,000  men  and  women  in  the  United  States,  not  count- 
ing employees  in  foreign  factories,  the  Lynn  Works  glave 
employment  to  only  about  4,000  people  in  1902  when  the 
educational  system  was  inaugurated.  Though  the  Lynn 
Works  now  employs  over  13,000  people  and  its  educational 
system  has  expanded  to  meet  the  new  requirement  the  es-- 
sential  features  of  the  system  have  remained  unchanged. 

Four  distinct  phases  of  systematized  educational  eff  jit 
have  been  developed,  which  respectively  aim  to  train  young 
men  for  engineering  and  administrative  efficiency  and  leader- 
ship, for  semi-professional  service,  for  specialized  mechanic- 
al skill,  or  for  all-round  manual  proficiency. 

The  first  phase  is  ada:)ted  to  selected  graduates  of  elec- 
trical, mechanical  and  general  science  departments  of  col- 
leges and  universities  who,  during  a  two-year  course,  are 
given  carefully  supervised  training  in  the  practical  applica- 
tion of  engineering  theories.  Many  of  them  are  also  given 
brief  experience  in  some  of  the  business  departments  before 
they  are  permanently  assigned  to  engineering  or  administra- 
tive service  in  the  company  or  assisted  to  secure  such  em- 
ployment in  other  corporations.    It  is  not  feasible  within  the 
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time  available  to  describe  in  detail  the  miany  interesting  as- 
pects of  this  important  work. 

The  second  phase  is  designed  to  accommodate  selected 
graduates  of  high  schools  or  equivalent  educational  institu- 
tions who,  though  fitted  for  a  college  training,  cannot  or  do 
not  want  to  avail  themselves  of  it,  but  are  anxious  to  secure 
a  fair  equivalent  of  technical  education  through  practical 
experience.  A  three-year  course  is  maintained  for  these 
future  draftsmen  and  designers,  electrical  and  steam  tur- 
bine testers,  manufacturing  and  erecting  engineers,  technic- 
al clerks  and  cost  accountants.  The  practical  side  of  their 
work  is  taught  in  specially  supervised  machine  shops  and 
winding  departments,  drawing  rooms,  testing  rooms,  stock 
rooms  and  other  business  offices  of  the  Company.  Their 
related  educational  instructions  in  class  rooms  is  based  on  a 
high  school  education  and  deals  primarily  with  advanced 
mathematics,  physics,  drawing  and  engineering  subjects,  as 
far  as  the  limited  time  available  each  day  for  such  instruc- 
tion permits.  Further  consideration  will  be  given  to  this 
phase  in  the  detailed  discussion  of  the  Company's  efforts 
for  training  skilled  mechanics. 

The  third  phase  pertains  to  that  large  group  of  adults 
who  have  not  had  opportunity  to  acquire  mechanical  know- 
ledge and  specialized  technical  experience  or  who  have  failed 
to  grasp  such  opportunity  in  their  younger  years,  but  who 
still  possess  mental  capacity,  physical  vigor  and  ambition  to 
raise  themselves  with  somebody's  help  to  a  higher  level  of 
industrial  usefulness  and  resulting  remuneration.  Six 
months  specialized  courses  are  provided  for  this  group,  to 
learn  to  operate  a  lathe,  a  shaper,  a  boring  mill  or  some  oth- 
er machine,  or  to  do  similarly  effective  work  of  specialized 
character.  With  pay  adequate  to  maintain  themselves  dec- 
ently during  this  period  of  learning,  those  who  successfully 
finish  the  six  months  specialist  course  are  enabled  to  earn 
good  wages  as  regular  workers  in  their  particular  field  of  in- 
dustrial activity.  The  specially  capable  and  ambitious  are 
permitted  to  take  successive  six  months  specialist  courses  to 
acquire  knowledge  and  skill  in  the  operation  of  various  ma- 
chines or  in  various  manufacturing  processes,  thus  step  by 
step  developing  into  all-round  skilled  operatives.  This  very 
brief  description  of  a  very  important  step  \,ovjai^'&\TA>x'8Xxv^ 
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efficiency  must  suffice  to  direct  attention  to  the  ^reneral  appli- 
cation of  this  phase  of  industrial  education. 

The  fourth  phase  is  obviously  the  most  important,  for 
it  seeks  to  create  from  among  boys  with  ordinary  school 
education,  that  class  of  intelligent  and  highly  skilled  artis- 
ans upon  whom  the  development  of  American  industry  ulti- 
mately depends.  This  phase,  generally  known  as  the  ap- 
prenticeship system,  is  designed  to  take  care  of  boys  who 
must  leave  or  who  prefer  to  leave  school  after  they  have  pas- 
sed through  the  Grammar  grades  or  partly  through  the 
High  school  and  who  desire  to  become  mechanics,  foremen, 
superintendents  and  leaders  in  industrial  establishments. 
Most  of  these  boys  will  naturally  drift  into  industry,  especi 
ally  if  they  are  located  in  industrial  communities,  but  few 
of  them  will,  unless  properly  assisted,  become  skilled  and  in- 
telligent machinists,  toolmakers,  die  makers,  carpenters  and 
pattern-makers,  moulders,  blacksmiths,  steam  fitters  or  any 
of  the  other  artisans  whom  industry  needs.  The  demand 
for  persevering,  energetic  men  of  well  founded  fundamental 
and  specialized  knowledge,  with  the  power  to  apply  the  the- 
ory of  science  to  the  practical  requirements  of  industrial  life, 
is  growing  daily. 

To  supply  a  part  of  this  demand,  an  apprentice  system 
which  contained  several  new  features,  was  started  at  the 
Lynn  Works  in  1902  and  later  extended  to  the  other  fact- 
ories of  the  General  Electric  Co. 

Under  the  old  form  of  apprenticeship,  a  boy  was  taken 
into  a  shop  and  turned  over  to  a  foreman  who  was  expected 
to  teach  him  the  trade.  The  foreman,  himself  very  busy  in 
his  regular  duties,  and  usually  more  adapted  by  experience 
and  inclination  to  the  production  of  manufactured  materials 
than  to  the  trainin:^  of  boys,  would  turn  the  boy  over  to  an 
assistant  foreman,  who  in  turn  would  pass  him  down  the 
line  until  he  landed  under  the  supervision  of  a  mechanic, 
skilled  or  partly  skilled  as  the  case  may  be,  but  not  often 
able  to  impart  his  skill  to  the  boy.  (After  all,  how  many 
persons  in  any  position  of  life,  are  really  good  teachers?) 
Frequently  also  the  run  of  work  in  a  shop  was  not  sufficient- 
ly varied  to  give  to  the  boy  broad  experience  of  instructive 
character.  Even  though  the  boy's  supervisor  might  have 
the  ability  to  impart  \i\s  Vivov^X^A^^  ^wdmi^ht  also  be  able  to 
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give  to  the  boy  such  a  varied  assortment  of  work  as  to  afford 
him  a  broad  opportunity  to  learn  the  trade,  the  apprentice 
was  himself  seriously  handicapped  by  his  own  limited  educa- 
tion. Employed  at  work  that  required  the  use  of  drawings, 
he  could  not  understand  them  nor  could  he  make  a  simp'e 
mechanical  sketch;  if  a  mechanical  operation  required  the 
use  of  mathematical  formulas  that  were  not  included  in  his 
limited  school  experience,  he  of  course  failed  and  had  to 
forego  doing  the  higher  grade  of  work  that  such  knowledge 
would  have  brou^rht  within  his  range.  Many  employers 
have  fully  sensed  this  situation  and  have  induced  their  ap- 
prentices to  take  evening  courses  at  public  schools  and  other 
educational  institutions,  but  with  only  meager  success,  large- 
ly because  the  day's  work  was  in  itself  as  much  of  a  task  as 
the  apprentice  cared  to  undertake,  and  partly  because  he 
was  really  too  tired  at  the  end  of  the  day  to  do  good  school 
work  at  night. 

Realizing  then  that  these  factors  were  largely  respon- 
sible for  the  failure  of  apprenticeship  systems,  the  General 
Electric  Company  established  in  the  Lyim  Works  special  de- 
partments devoted  exclusively  to  the  training  of  appren- 
tices and  placed  them  under  the  supervision  of  highly  skilled 
men  whom  nature  and  training  had  endowed  with  the  faculty 
of  teaching  others.  And  so  there  will  be  found  within  the 
big  machine  departments  a  small  machine  shop,  and  within 
the  big  wood-working  shops  a  small  pattern-making  shop,  set 
aside  for  training  of  boys  under  supervision  of  men  well 
qualified  for  developing  boys'  aptitude  for  mechanical  work. 
Readily  accessible  classrooms  were  constructed,  in  which 
every  apprentice  was  required  to  devote,  but  on  full  pay,  a 
part  of  his  working  hours  to  classroom  study  and  where, 
under  competent  instructors,  he  was  taught  those  branches 
of  technical  knowledge  that  would  assist  him  in  attaining  the 
goal  of  his  mechanical  or  engineering  ambition. 

The  idea  of  maintaining  special  training  rooms  in  fac- 
tories was  new.  All  operations  in  these  rooms  are  on  com- 
mercial work  which  otherwise  would  have  to  be  done  by 
regular  operatives ;  yet  the  work  is  carefully  selected  for  its 
instructive  character.  The  value  of  training  apprentices  on 
commercial  work  lies  in  the  fact  that  the  elements  of  time, 
money  value  and  usefulness  immediately  imprests.  t\v^T£v&'^\N^^ 
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upon  the  mind  of  the  apprentioe,  acting  as  a  stimuliia  and  iBr 
centive  to  him  to  put  forth  his  best  efforts. 

The  other  new  idea  was  the  introduction  of  dassrooin 
instruction  into  the  factory.  The  Company  insists  that 
every  apprentice  receive  training  of  his  mind  as  well  as  of 
his  hand,  in  order  to  develop,  not  human  automaton^  but 
skillful,  intelligent  and  loyal  artisans.  Realizing  that  an  $9- 
prentice  is  entitled  to  play  and  rest  in  the  evening  after  a 
day's  work,  and  that  he  would  unwillingly  go  to  dassroom 
study  if  it  meant  a  partial  loss  of  his  wages  or  a  lestrictioii 
of  his  time  for  recreation,  the  Company  inaugurated  the 
plan  of  giving  the  classroom  instruction  during  the  worlmig 
day  and  without  loss  of  wage  to  the  apprentice. 

The  underlying  reason  for  this  procedure  is  based  on 
the  conviction  that  most  boys  leave  school  as  early  as  per- 
mitted and  go  to  work,  partly  because  school  has  become  to 
them  a  drudgery  and  part^  because  they  want  to  earn 
money.  The  apprentice  school  studies  are  therefore  made 
so  interesting  and  so  correlated  to  the  practical  work  as  to 
attract  the  apprentice ;  and  his  wages  are  paid  whether  he 
is  working  in  the  training  room  or  studying  in  the  classroom. 
Otherwise,  most  apprentices  would  go  into  the  classroom,  not 
because  they  like  it  but  because  they  must,  and  consequently 
they  would  not  get  full  benefit  from  the  Company's  educa- 
tional effort;  they  ''would  have  eyes  but  see  not  and  ears 
but  hear  not." 

At  first  sight,  the  comparatively  large  expenditure  for 
salaries  of  classroom  instructors  and  for  wages  paid  to  ap- 
prentices for  non-productive  time  spent  in  classroom  would 
seem  unjustified.  Experience,  however,  has  shown  other- 
wise, for  the  added  intelligence  acquired  in  the  classroom 
makes  the  apprentice  do  more  and  better  work  in  the  shop. 

As  for  apprentice  wages,  the  Company  decided  to  pay 
remuneration  right  from  the  beginning  of  the  course,  even 
during  trial  period,  and  to  pay  sufficient  wages  to  allow  even 
boys  from  poor  families  to  enter  the  apprenticeship  depart- 
ment on  a  self-supporting  basis.  Gradually  the  wage  sche- 
dule increased  with  the  general  increase  of  wages  in  indus- 
try, until  today  all  apprentices  receive  at  least  $5.50  per  week 
at  the  start,  with  periodical  increases  at  the  rate  of  from 
$1.00  to  $1.50  per  week  ioT  ^»3d\  ?A\oceeding  year  of  appren- 
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tice  training.  A  cash  bonus  of  $100.00  is  paid  at  the  suc- 
cessful termination  of  the  prescribed  training  period,  when 
the  apprentice  is  also  awarded  a  Certificate  of  Apprentice- 
ship which  entitles  him  to  recognition  as  a  full-fledged  jour- 
neyman and  outlines  the  course  of  training  which  he  has 
successfully  pursued. 

The  apprenticeship  period  for  grammar  school  gradu- 
ates is  four  years,  except  in  the  case  of  moulder  apprentices, 
who  may  finish  their  course  within  three  years;  iron  and 
steel  moulder  apprentices,  however,  must  be  at  least  eigh- 
teen years  of  age  to  undertake  this  somewhat  more  ardous 
work,  and  they  are  paid  higher  wages.  The  apprenticeship 
period  for  high  school  graduates  is  three  years  and  these 
apprentices  receive  wages  beginning  with  $6.50  per  week 
and  increasing  to  $11.00  per  week. 

As  far  as  business  conditions  permit,  graduate  appren- 
tices are  encouraged  to  remain  in  the  service  of  the  General 
Electric  Company.  There  is  no  fixed  standard  of  wages  for 
graduate  apprentices;  each  case  is  settled  on  its  own  merits. 
The  average  rate,  however,  is  from  $3.00  to  $3.50  per  day, 
with  splendid  prospects  for  advancement  either  in  the  service 
of  the  Company  or  in  that  of  other  industrial  establishments. 

All  apprentices  are  required  to  serve  a  trial  period  of 
about  2  months,  during  which  time  they  are  closely  observed 
to  ascertain  whether  they  possess  natural  ability  for  the 
chosen  work  and  if  they  have  the  moral  stamina  and  general 
intelligence  required  to  successfully  complete  course.  Only 
those  who  give  satisfactory  promise  during  the  trial  period, 
are  allowed  to  sign  in  conjunction  with  their  father  or 
guardian,  a  standard  agreement  which  outlines  the  condi- 
tions of  apprenticeship.  The  apprentice  is  distinctly  told 
that  the  agreement  has  no  legal  force  and  may  be  broken  by 
him  without  fear  of  prosecution.  He  is  made  to  understand, 
however,  that  the  agreement  is  in  the  nature  of  a  promise 
made  by  one  gentlemen  to  another :  the  one — the  Company — 
promising  to  teach  the  trade  and  pay  stip^-lated  wages ;  the 
other — the  apprentice — promising  to  give  satisfaction  in  his 
work  and  deportment. 

Experience  has  shown  that  boys  employed  on  this  basis 
are  more  apt  to  live  up  to  the  agreement  than  if  they  were 
working  under  the  impression  that  it  is  being  used  ^^  ^  OwJci 
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tc  force  them  to  continue  at  work.  It  is  remarkable  what  a 
small  percentage  of  apprentices  "jump"  the  course  after 
signing  the  agreement;  the  average  is  less  than  5%. 

Contrary  to  general  practice,  the  recruit  in  the  Appren- 
tice Department  is  not  required  to  do  ordinary  chores  such 
as  sweeping  floors  or  running  errands ;  he  is  immediately  put 
at  a  machine  or  a  bench  to  perform  simple  mechanical  opera- 
tions that  are  strictly  in  line  with  the  trade  he  desires  to 
learn.  Jimmy  might  sweep  the  floor  ever  so  clean  and  carry 
messages  ever  so  quickly  and  yet  be  naturally  unfit  for  the 
trade.  It  therefore  behooves  us  to  find  out  as  quickly  as  we 
can  if  Jimmy,  who  wants  to  become  a  machinist,  has  an  em- 
bryo machinist  in  his  makeup ;  if  there  is  no  future  machinist 
in  him  it  would  be  futile  to  attempt  to  draw  one  out  of  him. 
The  sooner  we  definitely  learn  this,  the  better  for  the  boy 
and  for  the  Company ;  otherwise  he  and  we  would  waste  valu- 
able time  and  we  would  retard  Jimmy's  progress  and  injure 
his  reputation  if  we  should  be  compelled  later  to  discharge 
him  for  lack  of  natural  ability.  The  stricter  the  process  of 
weeding  out  during  the  trial  period,  the  easier  the  subse- 
quent task  of  training  and  retaining  apprentices. 

Many  very  interesting  features  of  this  system  are  worthy 
of  a  somewhat  detailed  description.  The  illustrations  shown 
in  connection  therewith  will  make  the  description  more  clear. 

The  training  room  for  machinists  and  tool  and  die  mak- 
ers, shown  in  figure  1  is  located  on  the  top  floor  of  a  modem 
ouilding  and  occupies  a  space  460  ft.  long,  80  ft.  wide.  The 
do:)rway  in  the  distance  leads  to  a  corridor  from  which  en- 
trance is  made  to  the  classrooms.  All  rooms  are  well  light- 
ed, well  ventilated  and  kept  as  clean  as  shop  practice  will 
permit.  The  influence  of  the  clean  and  orderly  shop  develops 
the  ai)prentice's  instinct  towards  neatness  and  cleanliness 
about  his  machine  or  bench,  as  well  as  his  personal  habits. 
The  very  cleanliness  of  the  place  induces  the  apprentices  to 
stop  spitting;  there  is  not  a  **No  Spitting*'  sign  in  this  shop. 
All  machines  are  of  tlie  more  modern  type;  all  are  motor 
driven  and  pr():)erly  safej^uarded.  Similar  conditions  pre- 
vail in  the  training*-  room  for  pattern-maker  apprentices,  as 
shown  in  figure  2,  and  indeed  in  all  of  the  apprentice  train- 
ing rooms. 
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In  eabh  aiqiffentice  departtuent  a  wide  variety  of  mgJE  is 
dme  and  a  broad  range  of  moehmea  ia  provided  with  iriiicfa 
to  do  it;  this  excites  the  boy's  interest  ant 
and  valuable  practical  e^;>erienee.    There  i 
role  to  govern  the  time  during  which  an  i 
trained  m  one  kind  of  machine  or  on  one  < 
depends  on  the  ability  which  each  apprei 
somewhat  controlled  by  the  character  an 
ductive  work  which  the  department  can  s 
however,  satisfaction  is  attained  when  an 
the  required  wrak  with  absolute  commerd 
fair  degree  of  speed.    When  he  has  readu 
particular  operation,  he  is  often  required  tc 
ing  <tf  anottier  apprentice  who  has  not  yel 
He  is  made  a  leader  in  what  we  call  a  "teai 
comes  a  boy-teacher  of  a  boy-pupiL    The  i 
the  age  and  service-period  of  an  i^iprentice.    llie  more  eat- 
able teaches  the  less  capable  even  though  the  latter  is  older; 
the  boys  are  taught  to  respect  the  skiU  of  those  who  have 
gained  greater  proflciency.     When  the  boy-teacher  has 
taught  the  boy-pupil  to  understand  the  work  and  to  do  it 
accurately,  the  boy-teacher  is  promoted  to  a  different  ciass 
of  work,  most  likely  in  the  capacity  of  a  boy-pupil  to  a  yet 
more  in'oficient  apprentice. 

By  this  team  practice  the  executive  abihty  of  six  skilled 
adult  instructors  is  expanded  to  meet  the  needs  of  some  two- 
hundred  apprentices  engaged  in  one  training  room.  In 
many  respects  better  results  are  obtained  than  if  the  instruc- 
tors personally  supervised  each  apprentice,  for  the  boy- 
teacher  gets  into  closer  relationship  with  his  pupiL  At  the 
same  time  the  executive  ability  of  the  boy-teacher  is  devetop- 
ed  and  the  importance  of  doing  work  right  is  more  indelibly 
impressed  upon  himself  as  he  strives  to  impress  it  on  anoth- 
er boy.  This  method  also  trains  those  apprentices  for  fu- 
ture foremanship  who  have  native  though  undeveloped  abil- 
ity for  handling  men  and  supervising  their  work.  Moreover, 
by  the  boy-teacher-boy-pupil  arrangement  it  is  readily  learn- 
ed how  much  ability  and  willingness  to  learn  an  apprentice 
possesses,  for  the  boy-teacher  who  is  retarded  in  his  ovm 
advancement  by  a  slow  pupil,  is  quick  to  complain  if  his  pupil 
is  slow  to  grasp  mec\iaiuc&\  ^&\^\&  cit  Vac^  interest  in  the 
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work.  If  the  complaint  seems  justified  and  is  indeed  not  the 
boy-teacher's  own  fault,  the  regular  instructor  takes  the  ap- 
prentice complained  of  under  his  personal  care  in  an  en- 
deavor to  stimulate  him.  Sometimes  he  succeeds  but  more 
often  he  confirms  the  boy-teacher's  judgment  and  must  dis- 
charge the  apprentice. 

A  section  of  the  training  room  devoted  to  tool  and  die 
making  is  shown  in  figure  3.  This  work,  of  course,  requires 
skillful  and  accurate  treatment  and  is  only  done  by  more 
advanced  apprentices. 

An  important  part  of  the  work  in  electrical  manufac- 
ture has  to  do  with  the  winding  of  coils,  fields,  arimatures 
and  similar  elements.  Skilled  winders  are  not  plentiful; 
rapid  expansion  in  the  use  of  electrical  power  in  industry  and 
in  public  service  work  is  creating  a  greater  demand  for 
them.  With  this  thought  in  mind,  the  General  Electric  Com- 
pany endeavors  to  train  some  apprentices  in  this  particular 
line  of  work.  Usually  boys  with  a  high  school  education 
are  employed  here ;  they  wind  armatures  and  fields  and  test 
them  for  commercial  use ;  they  also  strip  and  rewind  defec- 
tive fields  and  armatures,  a  particularly  instructive  practice 
for  apprentices. 

Figure  4  shows  tester  apprentices  at  work  in  the  direct 
motor  testing  department ;  such  apprentices  are  also  similar- 
ly employed  in  testing  departments  for  other  electrical  ap- 
paratus. 

The  time  spent  by  apprentices  in  their  respective  train- 
ing rooms  consists  of  about  half  the  total  period  of  appren- 
ticeship, varying  somewhat  with  the  capacity  of  the  appren- 
tice and  with  productive  conditions  throughout  the  factory. 
Apprentices  who  have  made  good  progress  in  the  apprentice 
training  room  are  sometimes  loaned  during  the  first  half  of 
the  period  to  foremen  in  factory  departments,  provided  the 
work  i)roposed  offers  educational  value  that  fits  into  the 
schedule  of  the  apprentice  course;  but  generally  the  entire 
last  half  of  the  apprentice  course  is  spent  in  factory  depart- 
ments, wliere  the  apprentices  gain  enlarged  experience  and 
come  in  contact  with  many  skilled  workers.  Always,  how- 
ever, the  a])prentice  remains  under  control  of  the  apprentice 
superintendent  and  continues  the  prescribed  daily  class  room 
studies.     If  an  apprentice  begins  to  loaf  or  to  lower  his  usual 
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standard  of  work  or  deportment  after  he  has  been  trans- 
ferred from  the  training  room,  it  is  often  advisable  to  bring 
him  back  to  the  training  room  to  serve  out  a  period  of  dis- 
cipline before  he  is  again  allowed  to  go  back  to  the  factory 
department.     One  dose  of  this  discipline  usually  cures. 

It  may  be  interesting  to  note  right  here  that  while, 
previous  to  the  establishment  of  training  rooms  for  appren- 
tices, foremen  did  not  favor  taking  apprentices  because  they 
were  a  care — white  elephants,  so  to  speak — they  now  prefer 
partly  trained  apprentices  to  many  of  the  men  from  outside 
who  claim  to  be  full-fledged  mechanics. 

The  Apprentice  Training  Rooms  are  beehives  of  activity 
and  models  of  clean  and  orderly  workshops,  equipped  with 
various  makes  and  styles  of  standard  machine  tools  and  ap- 
pliances required  for  practical  training  and  economical  pro- 
duction. It  should  again  be  emphasized  that  all  work  done 
in  these  departments  has  a  commercial  value  either  for  pro- 
duction, equipment  or  repair  purposes.  Nothing  is  done 
merely  for  the  sake  of  following  pedagogical  precepts,  or  to 
make  a  fine  exhibition  of  work.  It  is  the  eminently  practical 
character  of  the  training  system  which  has  its  most  whole- 
some influence  upon  apprentices  and  which  appeals  strongly 
to  visiting  observers. 

The  same  practical  policy  applies  to  all  classroom  work. 
The  courses  of  study  are  carefully  planned,  first  to  connect 
with  the  apprentices'  mental  capacity  as  denoted  by  their 
previous  school  education,  and  second  to  teach  thosQ  sciences 
that  definitely  dovetail  into  the  operations  to  be  performed 
in  the  chosen  field  of  work.  Grammar  school  graduates,  of 
course,  start  at  the  lowest  rung  of  the  ladder,  while  high 
school  graduates  skip  the  lower  rungs  already  climbed  dur- 
ing their  public  school  experience  and  receive  more  advanc- 
ed instruction,  particularly  in  reference  to  mathematics,  me- 
chanics, mechanisms,  thermo  dynamics,  magnetism  and 
electricity. 

Every  apprentice  is  required  to  pursue  classroom  stu- 
dies for  an  hour  and  a  half  every  day  except  during  July  and 
August,  during  which  months  the  classrooms  are  closed  in 
order  to  give  apprentices  and  instructors  an  opportunity  to 
take  a  short  vacation.  The  practical  work  in  the  training 
rooms,  however,  continues  without  interruption  throughout 
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the  year.  For  the  convenience  of  the  vazioiu  training  roonu 
in  the  shop  departments,  the  classroom  attendance  is  di*- 
tributed  over  the  day,  some  apprentices  starting  at  the  be- 
ginning and  some  toward  the  end  of  the  forenocm,  othen  at 


FifT.  B 

the  beginning  and  the  balance  toward  the  end  of  the  after- 
noon.  In  order  to  segregate  at  frequent  intervals  the  mwe 
capable  from  the  less  capable  apprentices  as  far  as  the  school 
work  is  concerned,  the  school  year  is  divided  into  three 
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periods ;  advancement  from  one  class  to  the  other  is  depend- 
ent on  satisfactory  daily  performance  as  well  as  upon  the 
results  shown  at  periodical  examinations. 

The  endeavor  of  sU  the  instruction  is  to  make  it  con- 
cretely applicable  to  the  j)ractical  work  which  the  appren- 


Fig.  6 

tices  pursue.  Whenever  possible  the  instructors  speak  in 
terms  of  materials  and  machinery,  facilitating  the  under- 
standing of  the  apprentice  by  exhibiting  the  objects  to  which 
they  refer.     The  opportunities  for  doing  this  are  of  course 
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The  company  is  also  concerned  with  the  devekvaaeat  of 
a  certain  amount  of  social  life  among  the  amxrentioes;  it  re- 
alizes that  ''all  work  and  no  play  makes  Jack  a  doll  boy." 
One  or  two  picnics  in  the  summer,  some  dances  during  the 
winter,  frequent  informal  meetings  in  the  Apprentice  dob- 
room,  an  annual  dinner  for  the  Apprentice  Alumni  Assodir 
tion  are  some  of  the  recreational  activities  encouraged  1^ 
the  Company. 

In  presenting  this  brief  description  of  some  of  tiie  im> 
portant  features  of  the  General  Electric  Company's  apptea- 
ticeship  system  it  has  been  my  chief  purpose  to  stimulate 
active  interest  in  one  of  the  most  pressing  needs  of  industzy* 
namely,  the  eifective  training  of  an  adequate  supply  of  in- 
telligent, skilled  workers  who  will  take  pride  in  their  work 
whether  it  is  that  of  a  mechanic  or  engineer,  or  that  of  an 
executive  over  mechanics  and  engineers.  At  the  same  time 
I  hope  to  have  made  it  clear  that  what  has  been  done  by  one 
large  corporation  on  a  large  scale  can  be  done  as  effectively 
by  smaller  corporations  on  a  correspondingly  smaller  acale. 
The  same  fundamental  principles  can  be  applied  and  the  same 
eifective  results  can  be  obtained;  the  smaller  plibits  have 
simpler  needs  which  can  be  accommodated  by  simpler  or- 
ganization and  equipment.  In  making  this  positive  state- 
ment I  know  of  the  satisfactory  training  results  achieved  by 
even  comparatively  small  industrial  establishments  and  by 
co-operation  of  several  industrial  establishments  in  the  same 
locality.  In  the  latter  case  one  superintendent  of  appren- 
tices has  been  given  the  power  to  supervise  the  practical 
apprentice  training  in  a  number  of  shops  and  to  maintain 
joint  classrooms  for  all  these  apprentices  at  a  generally  con- 
venient place. 

When  an  employer  or  his  responsible  assistant  has  once 
grasped  the  importance  of  training  ''for  industry  in  indus- 
try" and  has  learned  to  understand  the  fundamental  lines 
along  which  an  effective  system  of  training  men  must  be  de- 
velopedy  he  will  always  find  ways  and  means  of  translating 
his  enthusiasm  and  determination  into  practical  results. 

C.  R«  Dooley:     When  apprentices  have  finished  one  or 

two  years  in  the  training  room  and  are  then  passed  out  to 

other  shop  departments,  do  Wxe^j  ^\a.^  \w  \Xv^*9/^  ^i^artments 
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during  the  remainder  of  the  apprenticeship  or  have  they  still 
further  transfers  during  their  regular  course  ? 

Mr.  Alexander :  Apprentices  may  be  transferred  to  one ' 
or  to  several  other  departments  after  they  have  left  the 
training  room,  according  to  what  particular  branch  of  the 
work  they  are  trying  to  fit  themselves  for ;  the  ability  of  the 
apprentice  and  the  productive  condition  of  the  shop  depart- 
ment are  also  controlling  factors.  Those  who  want  to  be- 
come toolmakers  usually  finish  in  the  tool  department,  those 
who  want  to  become  diemakers  in  the  die  department,  those 
who  are  being  fitted  for  metal  pattern  makers  in  the  metal 
pattern  department,  etc.  As  stated  before,  all  apprentices, 
to  whatever  department  assigned  during  their  course,  re- 
main under  the  supervision  and  control  of  the  superintend- 
ent of  apprentices. 

Mr.  Friedlaender:  Are  boys  specialized  in  one  certain 
branch?  For  instance,  if  a  boy  wants  to  become  a  lathe 
hand,  will  he  be  trained  so  that  he  will  be  an  expert  lathe 
hand  exclusively,  without  learning  any  other  work  ? 

Mr.  Alexander:  Apprentices  are  trained  broadly  for 
all-round  skill  in  the  particular  branch  of  industrial  work 
which  they  have  chosen.  Specialists,  on  the  other  hand,  are 
trained  only  in  one  phase  of  industrial  work.  A  man  who 
wants  to  become  a  skilled  lathe  worker  is  therefore  trained 
only  in  the  effective  and  skillful  handling  of  a  lathe  during 
a  six-months  specialist  course.  He  may,  however,  take  an 
additional  or  several  additional  six-months  courses  to  learn 
also  to  operate  a  boring  mill,  a  shaper,  a  milling  machine,  or 
to  do  other  special  work  in  an  effective  manner. 

C.  R.  Dooley :  I  do  not  think  I  have  ever  been  more  in- 
structed and  entertained  than  I  have  in  listening  to  Mr.  Alex- 
ander. I  have  been  through  his  Lynn  plant.  If  you  will 
allow  me  to  underwrite  every  idea  he  has  expressed  and  to 
tell  you  that  insofar  as  we  have  had  facilities  at  East  Pitts- 
burgh— you  know  we  have  not  65,000  men  in  our  employ, 
but  insofar  as  we  can  in  a  plant  of  15,000  men,  we  are  follow- 
ing out  so  nearly  the  program  he  has  described  that  I  wonder 
if  he  did  not  get  his  speech  from  our  records.  The  training 
room,  classroom  and  the  ideals  back  of  the  training  are  very 
much  like  ours.  They  do  differ  in  detail;  however,  I  will 
leave  the  details  of  our  work  and  only  try  to  screw  down  %. 
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little  tighter  the  ideals  he  has  set  forth.    Th^  are  abaolate- 
ly  right. 

This  question  of  education  is  not  a  matter  of  skiHt  text 
books,  safety,  or  teachers;  it  is  a  matter  of  ideals  of  manage- 
ment, and  these  ideals  I  may  sum  up  in  two  or  three  points; 
first,  that  every  single  employe  has  before  him  an  <ven  toad 
to  advance  as  far  as  his  ability  will  permit,  and,  seeond*  that 
each  division  head  or  executive  consider  himself  a  teacher,  a 
trainer  of  the  men  under  him.  When  we  have  reached  fheee 
ideals,  the  name  ''Training  Department"  will  pass  off  the 
sheet,  and  the  names  of  General  Electric  Company,  Westing- 
house  Electric  &  Manufacturing  Co.,  and  Carnegie  Sted 
Company  will  in  themselves  mean  a  training  work. 

One  point  as  to  teaching.    A  division  head  should  be  m 
teacher.    The  teacher  can  do  but  three  things  for  the  stud- 
ent   There  are  some  quaUties  of  a  good  teacher  which  Mr. 
Alexander  termed  ''God-given,"  and  yet  some  of  those  can 
be  acquired.    Every  division  head,  every  executive  worthy 
of  his  position  can  do  these  tiiree  things;  first,  aasigii  ds^ 
finite  responsibility  and  indicate  the  genoal  trmd  of  study 
that  should  parallel  the  execution  of  this  responsibility ;  sec- 
ond, he  can  check  the  results  with  the  standards  that  are  ac- 
ceptable to  the  industrial  world ;  third,  he  can  tell  the  stud- 
ent or  employe  exactly  where  he  stands,  where  he  has  fallen 
below,  and  what  others  think  of  him.    Recently  one  of  my 
men  came  in  to  see  me  about  his  wages — ^he  wanted  a  raise. 
I  said  to  him :  "if,  as  men  go,  your  wage  is  a  little  below  the 
average,  we  will  boost  it  up,  but  you  know  and  I  know  that 
the  character  of  your  work  is  not  sufficiently  stamped  for  me 
to  allow  you  to  feel  that  $10  or  $15  increase  means  that  you 
are  all  right."    Then  I  went  on  to  tell  him  one  or  two  things 
wherein  he  was  slipping.    That  fellow  is  now  one  of  the  hap- 
piest fellows  you  ever  saw.    He  knows  exactly  the  points  he 
needs  to  eliminate,  and  that,  to  my  mind,  is  the  very  b^t 
kind  of  an  education.     If,  then,  a  division  head  sets  the  task 
clearly,  checks  the  results  frequently  and  then  tells  his  men 
what  he  thinks  of  them,  what  they  ought  to  do  to  Unprove, 
he  will  have  rendered  them  the  greatest  service  as  a  teacher 
that  can  possibly  be  rendered. 

I  will  give  you  a  brief  outline  of  our  program.    Mr. 
Alexander  has  sketeYied  tout  different  lines  of  work;  I  am 
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only  going  to  put  in  three.  We  do  not  have  the  high-school 
boy  classified  by  himself.  The  drafting  apprentices,  the 
testers,  the  electric  apprentices,  the  foreign  and  special  stud- 
ents are  classified  in  one  group.  The  college  men  and  sum- 
mer teacher  make  the  second  group.  Then  comes  that  large 
third  group  Mr.  Alexander  referred  to,  between  the  ages  of 
21  and  35.  The  Casino  Technical  Night  School,  which  is  not 
only  open  to  employes  but  to  anyone  who  has  ambition  and 
a  little  money. 

Casino  Tech  is  adapted  to  men  that  have  missed  the 
apprenticeship  period  of  life  but  that  want  now  to  obtain 
a  training  in  fundamental  principles.  It  is  not  a  trades 
school,  such  as  an  apprentice  school;  and  not  a  finishing 
school,  as  a  college ;  but  a  sort  of  bridge  to  help  the  trades  or 
shop  man,  who  has  ability,  over  into  the  engineering  field. 
It  costs  $20  to  $25  a  year  to  attend.  It  is  supported  largely 
by  the  industries,  to  some  extent  by  the  community,  and  to 
a  large  extent  by  the  tuition.  Again,  these  three  groups  of 
men  are ;  the  young  boy  wanting  a  trade  start ;  the  technic- 
aly  trained  men ;  and  the  group  of  fine,  earnest  working  peop- 
le that  have  not  had  a  chance  to  get  a  training  of  any  kind 
other  than  a  mere  mechanical  skill  in  one  line.  And  in  all 
this  work,  from  the  lowest  class — which,  in  the  night  school, 
includes  the  teaching  of  English  to  foreigners,  the  teaching 
of  reading,  writing  and  arithmetic  to  boys  that  ought  to  be 
in  the  public  schools,  on  down  through  the  whole  system  to 
the  trained  man  that  is  being  broken  in  as  a  designing  engin- 
eer or  a  commodity  salesman — the  object  is  simply  to  make 
men  think  and  grow  and  not  to  cram  them  full  of  informa- 
tion. Last  year  we  had  in  the  neighborhood  of  1500  em- 
ployes attending  these  various  schools — some  in  the  evening 
include  girls  learning  cooking  and  sewing.  Girls,  winding 
coils  in  the  shop,  have  advanced  to  office  clerks  and  minor 
stenographers,  and  started  on  the  up-grade  as  women  fitted 
for  the  business  life.  All  of  the  75  teachers  are  employes — 
none  of  them  special  teachers. 

When  we  have  attained  this  ideal,  these  1500  students 
will  have  expanded  to  15,000  and  the  75  teachers  will  have 
expanded  to  our  whole  executive  force.  Our  whole  group  of 
employes  will  be  going  to  school,  in  a  sense.  Our  whole 
corps  of  executives  will  be  teachers.     Industry  will  thus  at- 
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tain  her  maximiim  efficiency  eccmomicany  by  providiBK 
abundant  opportunity  for  each  employe  to  grow  individually 
to  the  limit  of  capacity.  This  is  not  only  human  kindneait 
but  good  business.  The  two  must  survive  or  perish  togetb- 
er. 

The  Casino  Technical  Night  school  has  so  impressed 
itself  on  the  community  that  our  public  school  district  has 
appropriated  money  to  assist  in  keeping  it  going,  and  within 
the  last  two  weeks  there  was  some  very  pointed  discusokm 
with  officials  of  Carnegie  Tech.  and  the  City  of  Pittdrargh 
looking  forward  to  the  development  of  this  type  of  wmk 
throughout  the  Pittsburgh  district,  feeling  that  possibly  a 
chain  of  such  institutions  might  be  established  to  advantage. 

I  invite  you  all  to  come  out  and  see  us  some  time. 

C  A.  Menk:  You  have  heard  one  who  is  your  next- 
door  neighbor.  I  had  the  pleasure  of  spending  a  day  with 
the  speaker,  Mr.  Dooley,  a  year  ago.  I  do  not  think  I  ever 
put  in  a  more  profitable  day.  I  even  went  so  far  as  to  send 
some  boys  out  to  him  to  train,  and  some  day  I  expect  them 
back. 

Professor  Dennison,  of  the  Carnegie  Institute  of  Tech- 
nology, will  give  us  a  short  talk  on  what  his  school  is  doing 
for  us. 

B.  C.  Dennison :  In  the  splendid  addresses  to  which  we 
have  listened,  very  little  has  been  said  about  the  technical 
graduate.  One  listening  might  get  the  idea  that  the  tech- 
nical graduate  is  not  a  very  important  part  in  either  of  the 
corporations  represented.  I  do  not  believe  this  is  the  mean- 
ing the  speakers  meant  to  convey  and  they  certainly  have  not 
at  any  time  intimated  as  much. 

With  reference  to  the  technical  graduates,  I  feel  like 
saying  that  at  Carnegie  Tech.  we  are  not  attempting  to  turn 
out  iron  and  steel  electrical  engineers ;  and  I  hope  that  won't 
be  a  shock  to  you.  I  feel  that  if  we  were  attempting  to  give 
a  course  in  iron  and  steel  electrical  engineering,  when  these 
men  reached  graduation  and  you  saw  on  the  program  that 
such  and  such  were  graduating  from  the  course  in  iron  and 
steel  electrical  engineering,  you  would  say :  "we  don't  want 
those  fellows;  give  us  somebody  that  hasn't  this  veneer; 
give  us  some  fellows  that  have  a  thorough  foundation  in 
fundamentals ;  and  we  w\\\  take  tlvem  out  to  our  Works  and 
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teach  them  that  particular  phase  which  has  to  do  with  our 
own  work.  We  will  gain  about  six  months,  because  we 
won't  have  to  unteach  them  what  they  learned  in  college." 
And  I  think  you  would  be  largely  right. 

Moreover,  the  idea  that  a  thorough  foundation  in  funda^ 
mentals  is  to  be  preferred  to  any  specialization  in  college  has 
been  emphasized  very  strongly  of  late  by  a  number  of  men 
who  have  been  to  us  for  technical  graduates.  Mr.  Allen  of 
the  Steel  Foundries  has  been  to  us  several  successive  years, 
has  taken  men,  and  because  he  comes  back  we  feel  they  must 
be  doing  well.  He  says  he  does  not  care  whether  these  men 
he  takes  have  graduated  from  metallurgical  engineering,  me- 
chanical engineering,  electrical  engineering,  or  some  other 
form.  He  has  taken  men  from  at  least  four  branches  and 
put  them  in  the  same  line  of  work,  apparently  with  equal 
satisfaction. 

I  would  say  this:  we  are  not  attempting  to  specialize 
under-graduates  in  any  one  line  of  work.  We  have  courses 
in  Mechanical,  Civil,  Chemical,  Commercial,  Metallurgical 
and  Electrical  engineering,  that  is,  we  have  those  general 
divisions,  but  we  are  aiming  to  make  men  in  each  division 
rather  grounded  in  the  fundamentals  which  we  realize  they 
will  meet  in  the  work  to  which  they  may  go,  than  specialists 
along  the  line  of  their  chosen  field.  It  would  be  interesting 
if  I  had  the  time  to  talk  on  the  methods  of  segregation  which 
we  have  in  starting  young  men  in  the  different  engineering 
courses,  and  the  effort  we  make,  when  we  .find  they  are 
wrongly  placed,  to  get  those  men  into  other  lines  of  work. 
Some  men  would  make  good  lawyers,  or  perhaps  should  be 
clerks  or  business  men  rather  than  engineers;  and  we  en- 
deavor to  get  them  into  those  lines  of  work  for  which  they 
show  aptitude. 

I  know  the  gentleman  who  is  to  follow  me  will  tell  you 
about  a  system  his  institution  is  following — the  co-operative 
system — which  they  believe  enables  them  to  put  the  man 
more  closely  in  touch  with  the  industry  during  the  time  of 
his  college  course.  We  are  not  attempting  to  do  the  same 
thing,  at  least  not  in  the  same  way.  But  we  do  urge  the 
men  to  get  into  the  industries  during  their  vacations  and  we 
find  at  the  end  of  each  summer  that  nine  men  out  of  ten  have 
done  this.     At  the  end  of  last  summer  it  was  towwd  t\v^\*  <^1 
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the  seniors  in  ESedxical  Engineering,  sixteen  oat  of  tiie 
enteen  had  worked  during  the  vacation  period  (flie 
teenth  man  had  traveled)  and  had  both  added  to  their  Ibh 
andal  resources  and  good  experience.  S<»ne  had  wofioad  in 
steel-mills,  some  in  electrical  manufacturing,  some  as  sub- 
station operators,  and  some  in  business  posttikms.  Hum 
men  had  the  advantage  of  hunting  a  job  on  their  own  initia* 
tive;  had  an  opportunity  to  select  according  to  tfadr  own 
preferences  their  own  desired  line  of  work.  Their  had 
quired  the  commercial  and  practical  touch,  and  that  is 
thing  which  the  system  of  summer  employment  is  doing  to 
a  great  degree,  and  we  ard  not  yet  ready  to  surrender  tibis 
system  for  some  other. 

In  another  way  we  are  trying  to  give  the  men  a  know- 
ledge of  what  a  day's  work  is  like.  We  have  eoncentnited 
the  shop  work  so  that  there  is  now  given  in  three  weeks  at 
the  end  of  the  year  a  concentrated  shop  course  of  8  hours  a 
day,  the  students  in  the  various  years  of  their  course  woric- 
ing  in  the  pattern  shop,  forge  shop,  machine  shop,  fomidiy, 
or  even  in  bricklaying.  They  are  getting  some  ideas  that 
are  entirely  novel  to  them  by  the  steady  grind,  eight  hours 
per  day,  five  days  per  week. 

I  want  to  say  the  fact  that  I  knew  so  little  about  the 
Association  of  Iron  &  Steel  Electrical  Engineers  is  in  part  my 
fault  and  in  part  your  fault.  I  believe  that  if  we  give  our 
students  a  thorough  grounding  in  the  fundamentals  of  phy- 
sics, chemistry,  electricity,  mathematics,  strength  of  ma- 
terials, and  the  like ;  if  we  do  that  and  do  it  well,  we  can  safe- 
ly leave  the  rest  to  you.  But  you  can  help  our  courses  by 
telling  us  what  the  faults  of  our  curriculum  are,  and  what 
the  graduate  may  expect  when  he  gets  into  the  iron  and  steel 
industry.  We  have  had  but  very  little  of  the  latter  sort  of 
suggestion  except  as  it  has  come  to  us  by  a  more  or  less  hit 
and  miss  system. 

Every  year,  during  our  week  of  inspection,  we  send 
groups  of  men  out  to  the  various  industries.  We  have 
troubled  many  of  you  for  the  privelege  of  doing  it,  but  the 
students  have  gotten  some  idea  of  what  an  electrical  engin- 
eer may  expect  to  find  in  a  steel-mill  and  what  the  field  may 
be  for  him,  yet  they  have  too  narow  a  view  of  what  they 
may  be  expected  to  do  \1  ttve;^  ^o  vtv\»   Y<^ur    works.    Many 
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feel,  if  they  go  into  your  end  of  steel-mill  work,  all  they  may 
expect  is  that  they  will  have  to  do  continual  repairing  of 
womout  machines  in  the  roughest,  quickest  manner  that 
may  be  available,  just  to  keep  things  going;  that  the  whole 
policy  is  laid  out  along  steam  and  mechanical  lines;  that 
there  is  not  much  chance  for  them.  Yet  I  have  gotten  the 
idea  that  this  is  not  what  you  are  doing  and  not  what  the  fu- 
ture of  the  iron  and  steel  electrical  engineer  is  to  be. 

I  think  it  would  be  useful  if  we  could  have  one  or  two 
talks  at  Carnegie  Tech.  on  iron  and  steel  electrical  engineer- 
ing as  a  whole,  on  what  the  field  is ;  by  a  man  with  electrical 
training.  That  is  something  that  would  help  us.  No  teach- 
er in  our  electrical  departments  is  in  position  to  give  the 
viewpoint  which  you  could  bring,  and  it  might  be  of  advan- 
tage to  you  later. 

In  another  way  we  can  be  of  assistance  to  you.  You 
doubtless  know  that  at  the  Carnegie  Institute  of  Technology 
we  have  night  as  well  as  day  courses.  The  night  and  day 
courses  cannot  be  the  same,  but  we  endeavor  to  give  the 
night  students  almost  anything  they  want.  A  great  many 
students  on  special  lines  take  only  one  year  of  work  and  it  is 
possible  for  young  men  working  for  you  to  attend  and  if  they 
want  to  specialize  in  electrical  manufacturing  they  can  take 
courses  along  that  line.  Or  if  they  have  the  strength  and 
ambition  to  take  a  five-year  engineering  course,  that,  of 
course,  we  are  prepared  to  give.  We  are  graduating  only  a 
few  of  the  men  who  enter  in  the  beginning  of  the  five-year 
course.  It  is  hard  work  and  only  a  man  who  is  very  fit  phy- 
sically and  can  control  his  time  judiciously  can  hope  to  finish 
the  full  night  course.  But  your  men  can  come  to  us  and  get 
something  in  one  or  two  years  at  night ;  can  take  mathema- 
tics, economics,  business  administration,  statistics;  things 
which,  in  a  business  office,  would  be  of  great  advantage. 

We  have  also  a  School  of  Applied  Industry,  in  which  the 
students  do  not  get  an  engineering  course,  but  he  does,  how- 
ever, get  a  careful  training  along  the  lines  of  what  Mr.  Dool- 
ey  and  Mr.  Alexander  have  told  us  about  in  their  apprentice 
courses.  If  a  young  man  wants  to  take  up  machine  work, 
he  can  get  the  theory  of  it  and  something  of  the  practical 
as  well,  in  the  School  of  Applied  Industry.  We  would  gladly 
welcome  you  at  any  time  at  Tech.,  that  you  may  get  ac- 
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quainted  with  what  we  are  doing.  We  want  the  younff  men 
under  you  to  come  also.  Let  them  know  they  can  come  and 
the  ways  we  can  serve  them.  We  are  glad  to  serve  yon  in 
every  way  possible  and  to  help  insure  the  future  of  the  yoong 
iron  and  steel  electrical  engineer. 

C  A«  Menk:  I  have  the  pleasure  of  introducing  our 
next  speaker,  Prof.  Hallock  of  the  University  of  Pittsburgh. 

John  W.  Hallock:  I  will  take  no  time  to  go  into  the 
matter  of  curriculum.  At  the  University  of  Pittsburgh,  the 
program  is  the  same  as  you  will  find  in  numerous  oilier  en- 
gineering schools  and  universities  throughout  the  coontr/. 
As  the  preceding  speaker  has  said,  we  differ  in  one  respect; 
that  we  have  a  co-operative  system,  and  it  is  no  doubt  that 
system  which  will  prove  more  interesting  than  any  other 
point  that  I  might  take  up  this  evening.  The  co-operative 
system  was  introduced  in  the  University  of  Pittsburgh  in 
the  spring  of  1911.  The  object  of  the  course,  and  I  might 
add  of  the  courses  in  engineering,  is  to  turn  out  an  engineer 
who  is  a  finished  product,  not  only  in  the  theory  of  the  sub- 
ject, but  also  in  the  fundamental  principles  of  the  practice 
of  that  particular  branch  of  engineering  which  he  has  chos- 
en for  his  life-work.  The  arrangement  of  the  course  is  such 
that  the  student  receives  the  same  amount  of  technical  train- 
ing as  he  would  otherwise  receive,  and  he  is  also  required  to 
spend  four  periods  of  three  months  each  in  the  industries  in 
and  about  Pittsburgh. 

The  arrangement  is  somewhat  as  follows:  A  man  at- 
tends the  university  during  his  freshman  year  and  for  all  of 
9  months  is  in  attendance  at  classes  in  the  building  At  the 
end  of  the  first  year,  the  class  is  divided  into  two  sections; 
one  goes  out  on  factory  work,  the  other  remains  in  school  for 
a  continuation  of  the  theory,  and  these  two  sections  then 
alternate  right  through  until  the  beginning  of  the  senior 
year  when  all  are  in  school  for  completion  of  theoretical 
work.  During  the  freshman  year,  it  is  the  duty  of  the  in- 
structor of  this  department,  and  one  or  two  instructors  who 
are  working  with  him,  to  get  in  close  touch  with  the  student 
to  size  up  his  ability  along  engineering  lines — ^I  should  say 
his  adaptability,  because  about  the  first  of  the  year  there  is 
a  very  serious  weeding-out  which  results  in  a  smaller  class 
taking  the  work.    This  vfeedin^-out  process  continues  dur- 
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ing  the  second  semester.  The  instructors  are  in  close  touch 
with  men  in  the  shops  and  with  the  men  in  the  laboratories 
and  class-rooms,  so  that  the  man  who  shows  he  can  take  the 
course  and  who  has  the  greatest  personal  efficiency  in  in- 
dustry, is  the  man  who  in  co-operative  work  is  the  first  and 
foremost  in  the  minds  of  the  instructor  for  the  best  job  we 
have. 

The  term  co-operative  needs  a  little  definition.  We  are 
endeavoring  to  turn  out  for  you,  men  whom  you  can  later 
assimilate ;  either  in  engineering  departments,  or  in  positions 
in  shops  or  office  business-managers;  men  whom  you  can 
take  right  now  and  assist  for  four  terms  as  they  receive  their 
theory.  In  the  end  when  they  are  graduated,  they  naturally 
turn  to  you  for  further  guidance  in  taking  up  the  serious 
part  of  their  life  work. 

At  the  present  time  the  class  in  engineering  numbers 
approximately  277  students,  which  is  a  small  school.  We 
could  not  make  it  much  more  than  277  at  the  present  time, 
on  account  of  lack  of  equipment  and  lack  of  space,  but  we 
hope  to  expand  and  increase  the  number. 

You  are  not  concerned,  I  presume  with  the  details  of  the 
management  of  this  particular  phase  of  the  work;  but  as  to 
your  side  of  the  question,  you  might  naturally  ask  me,  "Is 
it  difficult  to  find  places  to  put  these  men  ?"  I  will  say,  "Yes, 
it  is;  that  is  to  find  proper  places."  Even  with  business  as 
it  is  today  with  foremen  clamoring  and  crying  for  men,  men 
of  just  such  caliber  as  our  engineering  students.  Then  we 
have  another  difficulty  in  placing  men,  but  it  is  a  difficulty 
we  ourselves  create.  We  create  it  for  the  benefit  of  the  stud- 
ent. For  instance,  let  me  give  you  one  example :  Here  is  a 
man  who  has  ability  in  his  freshman  year,  his  work  in  the 
shop  has  been  entirely  satisfactory,  he  shows  a  very  great 
aptitude  for  chemistry  and  metallurgy,  and  we  select  him  at 
once  for  the  steel  foundry,  or  for  some  branch  of  foundry 
work.  The  particular  man  I  refer  to  we  placed  with  the 
Lewis  Foundry  &  Machine  Company,  worked  with  the  metal- 
lurgist in  the  laboratory  half  a  day,  and  in  the  shop  half  a 
day,  or,  perhaps,  two  hours  a  day  in  observing  the  general 
methods  of  that  particular  firm.  That  man,  we  know,  is 
well  placed.  But,  we  mii^ht  have  placed  him  in  another  steel 
foundry,  where  he  would  have  done  one  thing  and  have  no 
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particular  attention  paid  to  him,  and  the  result  we  would  at^ 
tain  with  this  particular  man  would  never  have  been  right. 
The  result  I  refer  to  was  this :  They  understood  that  he  was 
a  Junior  and  would  only  have  one  or  more  year  of  school  be- 
fore they  could  employ  him  permanently.  Instead  of  that 
he  had  three,  and  the  firm  was  very  much  disappointed  over 
the  delay.  Then  there  were  lots  of  firms  who  say  we  would 
like  to  take  care  of  you,  but  we  cannot  take  your  apprcmtices 
and  pay  any  attention  to  him;  we  don't  have  educatioKial 
faciUties  such  as  the  Edison  Company  or  the  Bell  Telephone 
Company,  and,  therefore  we  can't  take  your  man. 

Now  at  the  present  time,  the  situation,  as  I  say,  is  in 
placing  with  various  firms  students  who  may  develop  natur- 
ally along  that  particular  line  of  work.  Then,  by  continuing 
with  that  firm  during  his  co-operative  work,  the  fiim  can 
size  up  that  man  and  his  associates  and  endeavor  to  place 
him  in  some  line  of  engineering  work  in  that  particular 
branch  he  has  chosen,  so  that  later  on  he  may  be  an  eflScient 
and  industrious  employee. 

The  result  of  a  man  having  this  practical  work  and  of 
being  so  directed  into  this  channel  or  that  channel  has  been 
that  a  great  many  men  have  been  directed  away  from  all 
these  channels,  and,  as  Professor  Denniston  has  said,  into 
some  other  branch  of  work  in  which  they  are  more  eminently 
fitted.  The  mortality  rate  will,  I  trust  in  the  next  five  years 
not  be  much  greater  than  ever  before,  but  I  hope  it  will  lead 
to  a  repetition  of  many  instances  such  as  this  year  has 
brought  us  when  every  single  one  of  our  ^aduates  was 
signed,  sealed  and  delivered  for  some  job  or  other  fully  two 
or  three  weeks  before  closing  time,  and  there  were  about  60 
of  them.  I  might  go  further  and  tell  you  how  we  handle 
these  men  and  how  we  keep  in  touch  with  firms  for  whom 
they  work  and  how  we  grade  them,  but  these  are  details  in 
which  you  would  hardly  be  interested. 

I  would  like  to  second  the  remarks  Mr.  Dennison  has 
made,  that  we  want  to  be  of  further  service  to  you.  Many 
of  you  have  been  of  great  service  to  us  in  co-operative  work. 
We  want  to  produce  engineers  whom  you  can  place  in  any 
one  branch  of  your  business  for  which  you  have  specifically 
trained  them,  and  we  want  you  in  turn  to  co-operate  with  us 
to  produce  such  engineers.    We  want  to  hear  from  you  many 
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times  over  during  the  year.  The  complain  is  often  made 
that  the  average  student  in  co-operative  course  drops  out  of 
sight  of  the  practical  points  he  ought  to  absorb  during  his 
course.  If  many  of  you  men  would  do,  as  men  in  other 
branches  are  doing,  come  to  the  University  and  meet  them 
between  classes,  in  classes,  in  halls,  everywhere,  then  those 
men  would  be  more  alive  to  the  situation  in  the  engineering 
world.  I  certainly  appreciate  the  opportunity  of  being  here 
tonight  and  getting  in  touch  with  this  organization,  and  hope 
in  years  to  come  we  may  more  and  more  accomplish,  not 
what  the  University  wants,  but  what  you  men  want  and 
need. 

C.  A.  Menk :  We  appreciate  the  talk  of  Professor  Hal- 
lock,  and  believe  we  can  do  a  great  deal  for  the  University. 
I  think  that  is  the  right  thing.  I  see  it  is  a  hard  matter  in 
placing  the  men  they  turn  out.  In  a  great  many  cases,  we 
run  against  an  obstacle  that  is  hard  to  overcome.  In  some 
cases,  after  young  fellows  go  to  the  University  and  Technical 
Schools,  they  come  out  feeling  that  they  have  graduated  and 
that  should  carry  them  through  life,  but  it  is  really  only  the 
beginning.  We  find  in  many  cases  they  flatly  refuse  to  do 
any  work.  Other  cases  are  different ;  so  you  see  it  depends 
a  great  deal  on  the  man,  and  on  the  way  they  treat  us.  Just 
an  instance ;  a  few  years  ago,  we  took  two  or  three  men — ^I 
believe  they  came  from  Tech.  We  gave  them  good  positions 
and  what  we  considered  pretty  fair  pay.  We  obtained  only 
three  or  four  months'  work  out  of  them  and  they  left,  so 
they  didn't  give  us  very  much  encouraorement.  But  if  you 
get  hold  of  the  right  men,  there  is  great  future  for  them. 

The  next  part  of  our  program  will  be  an  outline  of  the 
educational  work  as  carried  on  at  the  present  time  at  Home- 
stead Steel  Works.  Mr.  Wolf  will  give  us  the  outline  of  the 
work  they  are  doing  and  of  which  he  is  in  charge. 

A.  Francis  Wolf:  If  any  of  those  present  had  the  pri- 
vilege of  attending  the  convention  of  the  National  Associa- 
tion of  Corporation  Schools,  held  recently  in  Pittsburgh,  they 
must  have  been  greatly  impressed  by  the  magnitude  of  the 
educational  movement  now  under  way  in  all  parts  of  the 
United  States.  The  combined  capital  represented  at  this 
convention  was  estimated  by  one  of  the  speakers  at  about 
three  billion  dollars.     At  least  one  of  the  delegates  came  all 
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the  way  from  Sacramento,  CaL,  to  attend  this  oonventioiL 
It  is  thus  seen  that  there  is  a  widespread  interest  jmanifested 
by  the  large  employers  of  labor  in  the  object  of  this  Assodar 
tion,  as  stated  in  their  constitution,  namely,  To  aid  ooiporar 
tions  in  the  education  of  their  employees."  In  order  to  give 
you  some  idea  as  to  how  this  work  is  being  done  by  one  of 
the  members  of  this  association,  I  will  give  yon  a  brief  des- 
cription of  the  Trades  Apprentice  School  as  carried  on  by  the 
Carnegie  Steel  (Company  at  its  Homestead  Plant.  SimilaF 
schools  are  conducted  at  some  of  the  other  plants  of  <tfai8 
company,  but  are  managed  in  somewhat  different  ways.  It 
is  hoped,  eventually,  I  believe,  to  establish  a  uniform  system 
for  these  schools  throughout  the  corporation,  when  one  is 
developed  that  will  meet  the  peculiar  needs  of  the  steel  mak- 
ing industry. 

In  addition  to  the  Trades  Apprentice  School,  the  eom- 
pany  conducts  a  school  for  salesmen  and  post  graduates. 

The  Trades  Apprentice  School  at  Homestead  Sted 
Works  was  started  November  3, 1913,  for  the  purpose  of  im- 
proving and  extending  the  aprenticeship  system  then  in  ex- 
istence. The  men  placed  in  charge  of  the  organization  and 
development  of  this  school  were  from  the  Mechanical  En- 
gineering Department  of  the  plant  and  had  had  some  pre- 
vious experience  in  teaching  the  evening  classes  in  mechanic- 
al drawing  at  the  Homestead  Carnegie  Library.  The  school 
was  started  with  the  idea  of  teaching  the  apprentices  to  read 
blue-prints,  to  make  free-hand  sketches  and  to  apply  their 
public  school  education  to  problems  in  the  shops.  The  fifty- 
five  apprentices  with  which  the  school  was  started  represent- 
ed ten  different  trades  as  follows :  General  Machinists,  Pat- 
tern Makers,  Carpenters,  Blacksmiths,  Foundrymen,  Brick- 
layers, Pipe  Fitters,  Painters,  Tinsmiths  and  Electrical  Ma- 
chinists, and  ranged  in  school  work  from  the  fourth  grade 
in  the  public  school  many  years  ago,  to  the  recent  High 
school  Graduate.  The  average  school  work  was  equivalent 
to  about  6V^  grades. 

The  instruction  in  the  apprentice  course  can  properly 
be  said  to  come  under  two  general  heads.  First — ^that  re- 
ceived in  the  shops.  Second — that  given  in  the  school  room. 
The  time  the  apprentices  receive  instruction  in  the  school 
room  is  only  about  6%  of  that  spent  in  the  shop  and  they  are 


COMMITTEE:    APPRENTICE  SYSTEMS  651 

paid  at  the  same  rate  in  both  places.  The  instruction  in  the 
shops  is  in  charge  of  shop  advisors  who  answer  questions  of 
the  apprentices  and  otherwise  instruct  them.  The  instruc- 
tion in  the  school  is  carried  on  by  means  of  classes  under  in- 
structors, who  are  "part  time"  teachers  and  are  employed  in 
the  mechanical  engineering  department  during  the  balance 
of  the  day.  It  is  considered  a  necessary  qualification  of 
these  teachers  that  they  should  have  received  a  part  of  their 
training  in  the  shops. 

No  mental  examination  was  given  the  original  members 
of  the  school,  as  they  had  been  taken  on  under  the  old  system 
and  could  not  well  be  eliminated.  Many  of  them  held  their 
positions  through  influence,  or  because  it  was  thought  neces- 
sary to  take  care  of  them  for  charitable  reasons.  This 
seemed  wrong  from  the  standpoint  of  efficiency  and  it  was 
decided  that  a  boy  should  have  at  least  the  equivalent  of  sev- 
en grades  in  the  public  school  before  he  could  enter  the  class- 
es. A  written  test  is  now  given  which  consists  of  a  few 
simple  problems  in  fractions,  decimals,  percentage  and  men- 
suration. About  75%  of  the  applicants  pass  this  test  with- 
out any  trouble.  Some  of  those  who  fail  to  pass  the  first 
test  are  given  a  second  chance  after  having  had  an  opportun- 
ity to  review  their  school  work.  Others  who  are  finally  un- 
able to  come  up  to  the  requirements  of  the  school,  but-  of 
whom  it  seems  necessary  for  the  company  to  take  care  (for 
the  reason  stated  above)  are  given  other  positions  around 
the  plant  which  do  not  require  the  skill  or  technical  know- 
ledge of  the  tradesman. 

The  apprentices  attend  school  three  and  one-half  hours 
a  week,  which  is  equally  divided  between  mechanical  draw- 
ing and  shop  problems.  The  classes  in  shop  problems  are 
divided  into  three  grades  at  present,  and  a  new  apprentice  is 
generally  started  in  the  lower  grade  and  kept  there  until  the 
instructors  have  a  chance  to  see  what  he  can  do.  Some 
never  reach  the  higher  grades  at  all,  while  others  advance 
very  rapidly  until  they  reach  the  highest  class. 

The  work  in  the  lower  grades  comprise  the  fundament- 
als of  arithmetic,  mechanics,  trigonometry,  physics  and 
chemistry,  insofar  as  the  need  of  these  subjects,  by  the 
tradesmen,  can  be  seen.  The  work  of  the  upper  class  is 
very  general  in  character  and  is  based  on  periodical  trills 


for  inspection  at  any  time  reQuested.  Tke  subjects  of  the 
notes  made  in  these  books  are  left  almost  entirely  to  the  dis- 
cretion of  the  apprentices,  and  they  are  allowed  to  use  these 
books  during  the  written  tests,  which  are  held  every  four 
months.  In  this  way  it  is  hoped  to  develop  their  ability  to 
select  the  useful  data  and  to  express  their  thoughts  in  writ- 
ing and  sketches. 

The  work  of  the  mechanical  drawing  classes  is  made  to 
conform  to  the  shop  practice  of  the  apprentice  wherever 
possible,  and  drawing  room  methods  are  used  in  making 
sketches  and  drawings. 

In  the  selection  of  problems  for  the  other  classes,  it  is 
always  desirable  to  make  them  apply  to  the  shop  work. 

No  home  work  is  required  of  the  apprentices  at  present 
but  the  inclination  on  the  part  of  the  apprentice  to  do  home 
work  is  encouraged  in  every  way  possible.  One  way  in 
which  this  is  done  is  to  loan  drawing  boards  to  those  who 
want  them.  Another  way  is  by  reference  to  books  and 
magazines  in  the  hbrary  on  subjects  under  discussion  in  the 


COMMITTEE:    APPRENTICE  SYSTEMS  663 

classes.  There  are  quite  a  few  of  the  boys  who  take  advan- 
tage of  these  opportunities. 

In  conclusion  I  wish  to  say  that  there  is  no  doubt  a  great 
deal  of  good  being  done  in  this  school;  not  only  in  the  in- 
struction given,  but  in  the  opportunity  it  affords  those  who 
have  not  had  a  previous  opportunity  to  learn  the  value  of 
school  training  in  its  practical  application.  Quite  a  number 
of  our  students  have  decided  to  enter  the  Tech  night  school 
and  not  a  few  do  home  work  and  attend  the  Homestead  Lib- 
rary evening  classes.  The  work  in  the  school  is  a  means  of 
bringing  these  boys  together  and  is  thus  of  great  value  to 
the  organization  as  it  is  a  well-known  fact  that  school  life 
cements  lasting  friendships. 

W.  T.  Snyder :  I  believe  you  will  agree  with  me  that  we 
have  had  quite  an  educational  treat  this  evening.  The  series 
of  meetings  held  in  Pittsburgh  this  year  have  been  very  in- 
teresting, and  this  meeting  has  been  as  interesting  and  edu- 
cational as  any  that  have  been  held  by  this  or  any  other 
Association.  I  congratulate  the  Educational  Committee  on 
the  very  excellent  program  they  have  provided  this  evening. 

It  is  with  deep  regret  that  I  have  to  announce  that  death 
has  removed  from  our  ranks  a  valuable  member  and  an  es- 
timable gentleman,  Mr.  C.  G.  Rally,  of  the  Power  and  Mining 
Department  of  the  General  Electric  Company,  Schenectady. 

This  will  be  the  last  meeting  until  after  the  summer 
months,  and  we  rather  dislike  to  see  the  meetings  stop ;  since 
they  seemed  to  be  increasing  in  interest. 
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tHE  OPERATION  OF  MECHANICALLY-CONNECTED 

DIRECT-CURRENT  MOTORS  PERMANENTLY  IN 

SERIES  OR  PERMANENTLY  IN  PARALLEL 


Bt  h.  p.  stratton 


In  this  paper,  reference  will  frequently  be  made  to  two 
or  more  motors  mechanically  connected;  I  will  define  the 
phrase  ''mechanically  connected''  as  meaning  first,  that  any 
change  in  speed  of  rotation  of  any  one  motor  must  be  ac- 
companied by  the  same  proportionate  change  in  speed  of  ro- 
tation of  each  of  the  other  motors,  and  second,  that  a  change 
in  the  direction  of  rotation  of  any  motor  must  be  accomp- 
anied by  a  change  in  direction  of  rotation  of  each  of  the 
other  motors. 

This  definition  is  made  broad  enough  to  include  the  in- 
frequent cases  where  two  or  more  motors  of  different  horse- 
powers and  speeds  are  operating  together  to  drive  one  mo- 
tion, and  the  more  frequent  cases  where  the  motors  may  be 
identical  in  horsepower  and  speed  but  may  rotate  in  op- 
posite directions.  The  majority  of  cases  claiming  our  at- 
tention will  include  two  or  more  motors  of  the  same  horse- 
power and  speed,  all  rotating  in  the  same  direction  at  the 
same  time.  The  mechanical  connection  between  motors 
may  consist  of  gearing,  pulleys  and  belts,  sheaves  and 
cables,  or  it  may  be  through  track  and  track-wheels  as  on 
the  bridge  motion  of  a  traveling  crane. 

Electric  cars  furnish  an  early  example  of  two  motors 
mechanically  connected.  One  reason  for  their  use  in  this 
work  was  the  small  clearance  between  the  track  and  the 
bottom  of  the  car ;  another  reason  was  the  economy  in  power 
consumption  which  was  gained  by  the  use  of  series-parallel 
control. 
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motors  bums  out  In  this  case  the  remaining  motor,  or 
motors,  are  made  of  sufficient  capacity  to  maintain  oper- 
ation, although  perhaps  at  a  reduced  speed.  A  metal  mix- 
er is  a  good  illustration  of  a  machine  coming  under  this 
classification,  as  it  is  obviously  necessary  to  be  able  to  tilt 
the  mixer  even  if  one  motor  is  disabled.  The  hoist  on  a 
ladle  crane  is  another  common  illusti-ation  of  the  same  char- 
acter. 

It  has  come  to  my  attention  several  times  that  two  or 
more  mechanically  connected  motors  have  been  selected  for 
a  roller  table  service  on  the  theory  that  the  small  motors 
will  accelerate  and  reverse  more  rapidly  than  one  large  mo- 
tor, and  that  therefore  a  roller  table  so  equipped,  has  a 
larger  capacity  to  move  steel.  Probably  this  beUef  was 
based  on  the  fact  that  so  far  as  mill  type  motors  are  con- 
cerned, the  moment  of  inertia  generally  increases  a  little 
more  rapidly  than  the  horsepower  rating.  For  instance, 
the  moment  of  inertia  of  the  armature  of  a  25  horsepower 
motor  is  apt  to  be  less  than  one-half  the  moment  of  inertia 
of  the  armature  of  a  50  horsepower  motor.     There  is  an 
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error  or  omission  in  this  reasoning  to  which  I  shall  refer 
later. 

I  have  also  heard  the  use  of  two  mechanically  connected 
motors  permanently  in  series,  advocated  for  roller  table 
service  on  the  theory  that  acceleration  or  reversal  was  as 
rapid  up  to  half  speed  as  in  the  case  of  one  or  more  motors 
receiving  full  line  voltage,  but  with  the  added  advantage 
that  the  two  motors  in  series  did  not  have  the  same  tend- 
ency to  race  if  allowed  to  run  for  a  length  of  time.    It  was 
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felt  that  this  made  reversing  quicker  and  easier  for  the  mo- 
tors. I  have  also  known  cases  where  steel  mill  engineers 
have  felt  that  there  should  be  a  worth  while  saving  in  the 
cost  of  the  controller  for  two  motors  mechanically  connect- 
ed and  permanently  in  series. 

The  foregoing  illustrations  are  those  which  have  come 
to  my  attention  from  time  to  time  favoring  the  use  of  two 
or  more  mechanically  connected  motors  in  the  ^Isjc^  ot  ^^^ 
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large  motor,  and  no  doubt  other  reasons  oould  be  stated. 
This  practice,  however,  has  raised  new  diflBcnltieSy  some  of 
which  can  easily  be  explained  by  theoretical  considerations; 
others,  however,  are  brought  to  our  attention  f ordUy  only 
by  the  difficulties  experienced  in  service  and  sometimea  it 
is  puzzling  to  find  the  true  explanation  of  the  diflkulties 
which  have  developed.  I  suggest  that  we  consider  first  tiie 
electrical  problems  which  are  very  largely  the  questions  of 
circulating  currents  and  the  unequal  division  of  the  total 
motor  current 
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The  following  is  the  general  equation  of  a  direct  cur- 
rent motor:  The  speed  of  rotation  is  equal  to  the  voltage 
divided  by  the  product  of  the  number  of  effective  armature 
conductors  and  the  amount  of  magnetic  flux  which  is  cut 
by  these  conductors.  The  characteristic  curves  of  series, 
shunt  and  compound  motors  are  merely  graphic  illustra- 
tions of  this  fundamental  equation  bringing  in,  in  addition, 
the  variation  of  motor  current  as  a  function  of  speed  and 
the  variation  of  torque  as  a  function  of  current  It  will  be 
more  in  line  with  our  purpose  to  show  curves  for  series, 
shunt,  and  compound  motors,  \llust!ra.t\iv^  the  change  in  mo- 


STRATTON:    OPERATION  OF  MOTORS 


669 


tor  current  with  change  in  speed.  It  is,  of  course,  well 
known  that  the  speed  changes  least  in  the  case  of  shunt 
motors,  more  in  the  case  of  compound  motors,  and  most  in 
the  case  of  series  motolrs. 

In  Fig.  1,  curve  AA  represents  the  relation  between 
speed  and  current  in  the  case  of  a  series  motor,  BB  in  the 
case  of  a  compound  motor,  and  CC  in  the  case  of  a  shunt 
motor.    These  are  curves  expressing  current  as  a  function 
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FIG.  3 

of  speed;  it  must  be  remembered  that  such  a  curve  repre- 
sents only  approximately  the  performance  of  any  given  mo- 
tor, and  as  a  matter  of  fact  the  speed-current  curves  of  dif- 
ferent motors — although  built  commercially  to  be  dupli- 
cates— ^will  vary  by  several  per  cent.  Take  the  case  of  any 
standard  motor;  undoubtedly  all  such  motors  built  from 
the  same  drawings  and  patterns  will  have  t\vfe  ^^xw^  ^'KiNKt- 
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al  physical  dimensions,  the  same  number  of  effeetive  anna- 
ture  conductors,  and  the  same  number  of  tarns  in  the  field 
coils.  It  must  be  remembered,  however,  that  the  position 
of  the  speed-current  curve  is  strongly  affeeted  hy  the  total 
flux  which  is  cut  by  the  armature  conductors.  In  each  eaae 
the  voltage  may  be  the  same,  the  armature  and  the  fidd 
coils  may  be  the  same,  but  the  total  flux  may  vary  conaidwr^ 
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ably,  because  the  reluctance  of  the  iron  circuit  of  the  mo- 
tor will  depend  on  the  character  of  iron  employed  and  upon 
the  len^hs  of  the  several  air  gaps. 

In  Fig.  2  the  full  line  AA  is  the  speed-current  curve 
of  one  shunt  motor,  the  dash  line  BB  the  speed-current 
curve  of  another  shunt  motor  which  might  be  easily  sold 
as  a  duplicate  of  the  first  named  motor.    The  only  differ- 
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ence  between  these  two  curves  is  that  at'  any  given  load, 
one  of  the  motors  has  a  speed  5%  in  excess  of  the  other  mo- 
tor. If  two  such  motors  are  connected  to  a  machine  so 
that  they  must  rotate  at  the  same  speed,  there  will  neces- 
sarily be  a  heavy  unbalancing  of  the  total  current.  For 
instance,  assume  the  load  is  such  that  the  two  motors  will 
run  at  the  speed  indicated  by  the  line  aa;  it  will  be  seen 
from  the  diagram  that  one  motor  will  then  take  65%  full 
load  current  and  the  other  motor  135%  full  load  current. 
The  two  motors  together  are  taking  twice  the  full  load  cur- 
rent of  one  motor,  but  one  motor  is  considerably  under- 
loaded and  the  other  motor  so  much  overloaded  that  it  will 
bum  out  if  the  load  is  maintained. 

Fig.  3  indicates  the  conditions  which  might  be  expected 
in  the  case  of  a  compound  motor  and  Fig.  4,  the  conditions 
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in  the  case  of  series  motors.  It  will  be  noted  that  the  un- 
balancing of  mechanically  connected  series  motors  will  be 
less  than  the  unbalancing  of  either  shunt  or  compound  mo- 
tors. The  unbalancing  of  compound  and  series  motors  is 
least  at  high  speed  and  low  current  and  greatest  b^  low- 
speeds  and  high  current. 

So  far  we  have  not  considered  the  question  of  control, 
but  have  merely  reached  the  conclusion  that,  due  to  im- 
perfections in  motor  manufacture,  two  or  more  mechanic- 
ally connected  motors  are  apt  to  divide  the  load  unequally, 
and  that  this  difficulty  is  least  serious  with  series  motors, 
more  serious  with  compound  motors,  and  most  serious  with 
shunt  motors.  Several  other  causes  might  lead  to  similar 
variations  in  the  speed-current  curves.  Examples :  unequal 
heating  of  shunt  field  coils,  failure  to  rewind  armature  or 
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field  coils  with  the  original  number  of  tumsy  poor  oQiiditi0n 
of  o(»nmutator  or  brushes,  or  greater  dnsfp  in  line  voltage 
in  leads  to  one  motor  than  in  leads  to  another  motor.  In 
short,  there  are  many  reasons  why  two  or  more  meehanie- 
ally  connected  motors — ^nominally  duplicates — will  make  an 
unequal  division  of  the  total  motor  current 

Two  series  motors  are  sometimes  controlled  by  a  single^ 
standard,  one^motor  controller  by  connecting  the  two  series 
fields  permanently  in  parallel  and  the  two  armatures  per- 
manently in  paralleL  Fig.  5  represents  such  a  condition 
wherein  SFi  is  the  series  field  of  one  motor,  SFs  Us  the 
series  field  of  the  other  motor,  Ay  is  the  armature  of  one 
motor.  As  is  the  armature  of  the  other  motor,  Fi  and  Ft 
are  one  pair  of  reversing  contactors,  and  Ri  and  R?  are  fhe 
other  pair  of  reversing  contactors.  Si  ,S  s,  and  3*  are  the 
acceleration  contactors  which  are  used  for  short-drcuiting 


RESISTOR 


-Tn^TjFinjRTp 


Si      Se       S3 

T     T     T 


FIG.  6 


the  resistor.  The  entire  motor  current  flows  through  the 
two  series  fields  in  parallel,  which  are  of  relatively  low  re- 
sistance; as  the  current  will  divide  inversely  as  the  resist- 
ance of  the  two  fields,  it  is  a  delicate  and  difficult  matter 
to  balance  these  two  circuits  so  that  they  shall  divide  the 
current  equally,  not  only  when  the  motors  are  cold  but  also 
when  they  are  hot.  The  general  result  is  that  more  current 
flows  through  the  series  field  of  one  motor  than  through  the 
series  field  of  the  other  motor.  The  motor  having  the  small- 
er portion  of  current  through  its  series  field  will  have  less 
total  flux  to  be  cut  by  the  armature  conductors;  it  will 
therefore  develop  less  counter-electromotive  force  than  the 
other  motor,  and  will  permit  a  considerably  higher  current 
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to  pass  through  its  armature.  The  motors  will,  therefore, 
be  unbalanced,  not  only  because  of  imperfections  in  man- 
ufacture, as  shown  in  Fig.  4,  but  in  addition  and  more  seri- 
ously, because  the  total  flux  of  one  motor  will  be  larger  than 
the  total  flux  of  the  other  motor.  The  conclusion  of  this 
analysis  is,  therefore,  that  the  operation  of  two  mechanic- 
ally connected  series  motors  by  one  controller  may  lead  to 
serious  unbalancing  of  the  current. 

The  first  departure  from  this  scheme  of  control  is  one 
probably  suggested  by  the  practice  followed  on  electric  cars. 
Here  it  is  usual  to  employ  one  starting  resistor,  but  to  have 
individual  reversing  switches  for  each  motor.  These  con- 
nections are  shown  in  Fig.  6,  wherein  the  designations  are 
the  same  as  in  Fig.  5,  with  the  exception  that  Fg  ,  F4     Ra , 
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and  R4  represent  an  additional  set  of  reversing  contactors. 
With  individual  reverses  for  each  motor,  it  is  possible  to 
connect  the  series  field  of  one  motor  directly  to  its  arm- 
ature and  the  series  field  of  the  other  motor  directly  to  its 
armature.  This  connection  eliminates  the  unbalancing  due 
to  unequal  division  of  current  through  the  series  field,  as 
explained  in  connection  with  Fig.  5.  It  is  a  satisfactory 
connection  for  two  mechanically  connected  series  motors 
when  these  motors  are  merely  started  from  rest  and  ac- 
celerated to  receive  full  line  voltage.  The  only  unbalancing 
of  load  is  that  due  to  variations  in  the  speed-current  char- 
acteristics of  the  two  motors. 

I  have  said  that  the  connections  in  Fig.  6  are  satisfac- 
tory for  accelerating  the  motors  from  rest  to  full  speed. 


FiG.a 

and  therefore,  the  direction  of  the  counter-electromotive 
force  remains  the  same;  but  the  connections  between  the 
armature  and  the  series  field  of  each  motor  have  been  re- 
versed so  that  now  the  direction  of  the  current  through  the 
series  field  and  the  direction  of  the  counter-electromotive 
force  of  each  motor,  are  the  same.  The  series  fields  and 
the  armatures  are  connected  in  a  closed  path,  of  which  the 
resistance  is  relatively  very  low.  If  the  starting  resistor 
ib  designed  to  allow  the  passage  of  50%  overload  at  reversal, 
the  counter-electromotive  force  developed  in  each  armature 
is  somewhat  in  excess  of  line  voltage.  Each  armature  may 
be  looked  upon  as  a  booster  assisting  line  voltage  to  force 
current  through  its  series  field.    The  counter-electromotive 
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force  of  one  motor  will  probably  be  at  least  slightly  greater 
than  the  counter-electromotive  force  of  the  other  motor. 
For  illustration,  assume  250  and  240  volts  for  the  top  and 
bottom  motors  respectively.  With  this  condition  more  cur- 
rent will  pass  through  the  series  field  of  the  top  motor  than 
through  the  series  field  of  the  bottom  motor.  The  effect 
of  this  will  be  to  further  increase  the  counter-electromotive 
force  of  the  top  motor  and  further  decrease  that  of  the  bot- 
tom motor.  The  fields  become  still  further  unbalanced,  and 
presently,  due  to  the  predominance  of  the  top  motor,  a  local 
current  circulates  through  the  series  fields  and  armatures 
of  the  two  motors,  reversing  the  series  field  of  the  bottom 
motor.    As  soon  as  this  is  reversed,  the  direction  of  the 
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counter-electromotive  force  of  the  bottom  motor  is  reversed, 
and  we  then  have  two  series  generators  \n  series  with  each 
other  generating  current  in  the  same  direction  with  no  ex- 
ternal resistance  in  the  circuit.  The  result  is,  of  course, 
an  amount  of  current  which  is  not  only  inconvenient  but 
positively  dangerous.  We,  therefore,  reach  the  conclusion 
that  where  only  one  acceleration  resistor  is  used,  it  is  ad- 
vantageous to  identify  each  series  field  with  its  armature  in 
starting  from  rest,  but  that  on  rapid  reversal  these  connec- 
tions are  dangerous,  and  should  not  be  employed. 

The  circulating  currents  described  are  prevented  by  em- 
ploying the  connections  shown  in  Fig.  9.  This  differs  from 
Fig.  8  only  by  having  an  individual  acceleration  resistor  for 
each  motor.  The  local  path  through  which  the  circulating 
currents  flowed  has  now  been  made  to  include  such  high 
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total  resistance  that  the  drculatinff  currents  cannot  get 
started  and  with  these  connections,  rapid  reversal  is  smoolii 
and  normal 

This  analysis  might  be  expanded  ahnost- indefinitely  faj 
investigating  other  more  complicated  methods  of  ooiitrol» 
such  as  dynamic  braking  hoist  controllers,  armatme  shnnta^ 
etc.  I  will  have  to  dismiss  this  additional  subject  with  fte 
statement  that  the  more  complicated  forms  of  control  con- 
tain even  greater  dangers  of  unbalanced  loading  and  dvea- 
lating  currents. 

Fig.  9,  which  has  been  reached  by  the  elimination  of  all 
the  previous  diagrams,  is,  in  my  judgment,  the  only  satis- 
factory  way  to  control  two  or  more  mechanically  connected 
motors  permanently  in  parallel.    This  diagram  reinresents 


MOTOR 
No.1 


FIG.IO 


in  reality,  a  controller  for  each  motor.  In  order  that  the 
controllers  should  function  simultaneously,  it  is  preferable 
to  use  two-pole  contactors  for  two  motors,  three-pole  con- 
tactors for  three  motors,  etc.  This  assures  that  all  im- 
portant circuit  changes,  such  as  reversal  or  short-circuiting 
portions  of  the  acceleration  resistors,  shall  occur  at  the  same 
time  in  each  motor  circuit. 

Fig.  10  represents  an  interesting  example  of  unbalanc- 
ing, not  of  current,  but  of  braking  effort.  This  represents 
diagrammatically  the  hoist  of  a  ladle  crane,  with  the  motors 
No.  1  and  No.  2  permanently  in  parallel  and  geared,  as  in- 
dicated, to  the  hoisting  drums  No.  1  and  No.  2.  Each  mo- 
tor was  equipped  with  a  magnetic  brake,  but,  due  probably 
to  unequal  adjustment,  one  brake  would  act  more  quickly 
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than  tne  other  after  the  cessation  of  current  through  its 
<;oiL  Assume  the  ladle  is  being  hoisted,  in  which  case  the 
motors  and  drums  would  rotate  as  indicated  by  the  arrow. 
Sui^>ose  now  that  the  controller  is  brought  to  the  "off"  po- 
sition, but  that  the  brake  on  motor  No.  2  locks  the  arma- 
ture of  that  motor  before  the  brake  on  motor  No.  1  locks 
the  armature  of  its  motor.  In  this  case  the  point  c  must 
remain  stationary,  but  motor  No.  1  exerts  a  force  upward 
on  the  drum  No.  1  at  point  a.  This  produces  a  downward 
thrust  at  the  point  b  on  the  drum  No.  2,  but  as  the  mechan- 
ism is  rigid  in  this  direction,  drum  No.  2  does  not  move. 
The  result  is  that  drum  No.  1  tries  to  rotate  upward  about 
the  point  b.  The  bearing  caps,  while  of  liberal  proportions, 
were  probably  not  designed  to  take  an  upward  thrust,  since 
it  would  appear  that  the  weight  of  the  ladle  would  always 
keep  the  drums  resting  heavily  on  their  bearings.  The 
final  result  was  that  the  bolts  holding  down  the  bearing 
caps  of  drum  No.  1,  were  stretched  or  broken.  In  this  par- 
ticular mechanism,  if  one  brake  locks  before  the  other, 
there  is  always  a  tendency  to  lift  one  of  the  drums,  no  mat- 
ter which  brake  locks  first,  and  no  matter  whether  the  load 
is  being  hoisted  or  lowered.  This  is  an  actual  difficulty 
which  has  occurred  in  several  instances,  and  I  believe  has  led 
to  the  use  of  larger  cap  boltsi 

CJenerally  speaking  and  within  reasonable  limits,  the 
larger  the  motor,  the  greater  will  be  the  number  of  acceler- 
ation contactors  employed  in  the  controller.  For  instance, 
in  rapid  reversing  controllers,  it  is  comr:on  practice  to  em- 
ploy three  acceleration  contactors  for  a  50  h.p.  motor  and 
four  for  a  100  h.p.  motor.  With  two  mechanically  connect- 
ed motors  permanently  in  parallel,  the  question  arises 
whether  the  number  of  acceleration  contactors  should  be 
determined  by  the  horsepower  of  the  individual  motors  or 
by  the  total  horsepower;  or  to  put  the  question  concretely, 
should  three  or  four  acceleration  contactors  be  employed  in 
the  case  of  two  mechanically  connected  50  horsepower  mo- 
tors. Probably  the  best  way  to  find  an  answer  to  this  ques- 
tion is  first  to  decide  why  we  use  more  acceleration  contac- 
tors with  large  motors  than  with  small  motors.  One  reason 
is  to  flatten  out  the  acceleration  curve  so  that  the  current 
peaks  will  not  be  so  large.    A  current  peak  of  175%  <yDL  ^ 


FIG.11 

thoughts  in  mind,  it  seems  to  me  the  number  of  i 
tion  contactors  can  be  determined  somewhat  in  the  follow- 
ing manner:  If  the  motion  is  merely  one  of  rapid  reversal, 
and  line  disturbances  need  not  be  considered,  select  t^e  num- 
ber of  acceleration  contactors  from  the  standpoint  of  the 
size  of  one  motor;  if  the  question  of  line  disturbances  is 
important  or  if  you  are  concerned  with  the  controllability 
of  the  machine,  select  the  number  of  acceleration  contactors 
from  the  standpoint  of  the  total  horsepower. 

There  is  time  to  discuss  only  very  briefly  a  few  of  the 
many  changes  in  the  controller  itself,  which  have  been  sug- 
gested for  the  control  of  mechanically  connected  motors  in 
parallel. 

Fig.  11  represents  a  scheme  for  controlling  two  mo- 
tors with  one  set  of  teNerseTa  awioae  acceleration  resistor. 
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The  two  fields  are  in  series  with  each  other  and  in  parallel 
with  a  balancing  resistor.  This  connection  assures  the  ssame 
current  in  each  of  the  series  fields,  but  there  is  no  assurance 
that  the  correct  amount  of  current  will  flow  through  the 
series  fields.  In  installing  a  controller  of  this  kind,  cast 
grid  resistors  are  generally  used  for  the  balancing  resistor, 
having  a  cold  ohmic  resistance  equal  to  the  cold  ohmic  re- 
sistance of  the  two  fields  in  series.  During  operation  the 
balancing  resistor  and  the  fields  both  become  heated,  but 
the  change  in  resistance  will  probably  be  unequal,  inasmuch 
as  they  have  different  temperature-resistance  coefficients 
and  probably  different  current  capacities.  Consequently 
the  series  fields  receive  considerably  more  or  less  than  half 
of  the  total  motor  current,  leading  respectively  to  over- 
heating or  diminished  torque.  It  is  almost  im5)ossible  to 
divide  the  current  equally,  at  all  temperatures,  between  two 
low  resistance  paths  in  parallel. 

When  it  is  necessary  to  insure  uninterrupted  operation 
of  a  machine  driven  by  several  motors  some  engineers  have 
preferred  an  entirely  separate  controller  for  each  motor 
rather  than  the  two-pole  or  three-pole  controller  which  I 
have  advocated.  They  have  argued  that  in  the  event  of  an 
overload,  both  motors  were  stopped  with  the  double-pole 
method  of  control,  but  with  separate  controllers,  only  one 
motor  was  stopped.  As  a  modem  controller  can  be  reset  in 
one  or  two  seconds  after  operation  of  the  overload  device, 
I  do  not  feel  that  this  is  a  serious  objection.  Another  argu- 
ment has  been  that  if  a  control  circuit  or  an  operating  mag- 
net failed  on  a  double-pole  controller,  then  the  entire  con- 
troller was  temporarily  useless,  whereas  with  the  same  ac- 
cident with  two  entirely  separate  controllers,  the  undamag- 
ed controller  could  be  maintained  in  operation.  There  is 
some  merit  to  this  contention,  but  an  argument  against  it, 
is  that  there  are  just  twice  as  many  coils  and  control  cir- 
cuits on  the  two  separate  controllers  as  there  are  on  the 
one  double-pole  controller. 

With  two  separate  controllers  there  is  no  certainty 
that  the  important  circuit  changes  will  occur  in  each  motor 
circuit  at  precisely  the  same  time.  There  is  danger,  there- 
fore, of  unbalancing  and  of  circulating  currents,  although 
it  is  true  that  these  will  exist  for  only  a  briei  i^T\od  <^1  \x\x\ft.. 
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They  constitute  a  menace,  however,  which,  in  my  opinion, 
should  weigh  heavier  as  a  possible  cause  of  motor  traaUe 
than  the  two  arguments  which  I  have  nienti<»ied  above  as 
favoring  the  use  of  an  individual  controller  for  each  motor. 

The  previous  discussion  having  dealt  exclusively  with 
motors  permanently  in  parallel,  I  suggest  we  next  oonaider 
motors  permanently  in  series.  If  two  motors  are  pennai^ 
ently  in  series,  they  of  course,  require  only*  the  anaomit 
of  current  normally  demanded  by  one  motor  of  the 
same  size.  Each  motor  exerts  full  torque  up  to  half 
speed,  but  at  any  greater  speed  the  performance  of 
two  motors  permanently  in  series  is  entirely  different  from 
the  performance  of  two  motors  permanently  in  paralleL 
Two  motors  permanently  in  series  will  have  a  diminishing 
torque,  whereas  two  motors  permanently  in  parallel  can 
maintain  full  torque  up  to  fuU  speed.  TYds  has  sometimes 
been  considered  an  advantage  for  roller  table  service.  The 
line  of  thought  has  been  that  the  important  consid^mtion 
is  the  reversing  and  acceleration  up  to  perhaps  half  apeed, 
and  that  it  was  a  positive  advantage  if  the  motors  did  not 
have  so  much  disposition  to  race  if  allowed  to  run  in  one 
direction  for  a  considerable  period  of  time.  I  have  known 
of  two  or  three  mill  tables  where  parallel  connections  were 
first  tried  for  a  while  and  where  later,  series  connections 
were  substituted.  By  changing  to  series  connections  it  was 
found  that  the  motors  did  not  race  so  much  and  that  re- 
versal was  made  easier.  It  was  found,  however,  that  the 
table  was  slowed  down  some,  or  in  other  words,  did  not  have 
as  large  a  capacity  to  move  steel.  Of  course,  with  motors 
permanently  in  series  there  is  no  danger  of  circulating  cur- 
rents of  unbalanced  load.  The  mechanical  connection  pre- 
cludes the  possibility  of  one  motor  reaching  high  speed 
while  the  other  motor  slows  down,  which  would  be  a  real 
hazard  if  the  motors  were  free  to  run  at  different  speeds. 
Therefore,  from  an  electrical  standpoint,  permanent  series 
connections  must  be  regarded  as  satisfactory. 

It  is  probably  pertinent  to  inject  here  a  brief  discussion 
of  the  controller  for  motors  permanently  in  series.  So  far 
as  its  capacity  to  carry  current  is  concerned,  this  can  be 
decided  from  the  standpoint  of  the  size  of  one  of  the  mo- 
tors.   However,  the  \vealm^  ol  \Xv^  x^Net^Vxv^  ^.ontactors  and 
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the  line  contactor  is  due  more  to  the  arcing  at  the  contacts 
than  to  the  passage  of  current  when  the  contactors  are  clos- 
ed The  heat  developed  by  an  arc  is  largely  determined  by 
the  persistence  with  which  the  current  endeavors  to  flow 
when  the  circuit  is  opened.  It  is  the  inductive  quaUty  of 
the  circuits  to  be  interrupted  which  largely  decides  the 
severity  of  the  arc  at  the  point  of  interruption.  In  the 
case  of  a  series  motor,  this  inductive  effect  is  represented 
mostly  by  the  series  field,  and  with  two  series  fields  in  series, 
there  results  a  much  hotter  arc  than  with  only  one  series 
field.  Therefore,  it  is  erroneous  to  determine  the  size  of 
arcing  contactors  for  motors  permanently  in  series,  from 
the  horsepower  rating  of  only  one  motor. 

Another  consideration  is  the  amount  of  resistors  that 
must  be  supplied.  If  two  motors  in  series  reach  full  speed 
and  are  then  suddenly  reversed,  there  is  a  voltage  at  the 
moment  of  reversal,  equal  to  the  sum  of  the  line  voltage, 
the  counter-electromotive  force  of  one  motor,  and  the  count- 
er-electromotive force  of  the  other  motor.  Roughly  speak- 
ing, this  is  about  three  times  Une  voltage,  which  demands 
more  resistors  for  reversal  than  in  the  case  of  one  motor. 

EarUer  in  the  paper  I  mentioned  the  beUef  held  by 
some  that  it  is  easier  to  accelerate  two  motors  than  one  mo- 
tor having  a  rating  equivalent  to  the  sum  of  the  two  mo- 
tors. I  have  made  a  rather  thorough  investigation  of  mill 
type  motors  to  determine  in  a  variety  of  cases,  the  time  re- 
quired to  accelerate  the  armature  from  standstill  to  rated 
full  load  speed,  supplying  the  motor  with  the  usual  acceler- 
ation current.  Although  in  some  cases  the  moment  of  in- 
ertia of  the  armature  increases  more  rapidly  than  the  horse- 
power rating,  yet  this  is  more  than  overcome  by  the  fact 
that  the  normal  full  load  speed  is  less  in  the  case  of  the 
larger  motors.  I  cannot  find  any  support  of  the  theory  that 
a  small  motor  can  be  accelerated  to  full  load  speed  more 
rapidly  than  a  large  motor,  assuming  in  each  case  the  usual 
acceleration  current  and  taking  account  of  the  fact  that  the 
normal  speed  of  large  motors  is  less  than  small  motors. 

I  am  able  to  present  to  you  some  current  curves  of  two 
mechanically  connected  motors  permanently  in  parallel; 
these  records  were  made  by  a  double  recording  ammeter 
built  specifically  for  this  investigation  and  capable  ot  iwdvi^V 
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Pi^.  12  represents  two  25  h.p.,  230  volt,  series  motors 
operating  the  bridge  motion  of  a  crane  having  a  116  ft.  span. 
The  controller  is  identical  with  that  shown  in  Fig  5;  in  oth- 
er words,  there  is  one  set  of  reversers,  one  acceleration  re- 
sistor, one  set  of  acceleration  contactors,  the  fields  are  per- 
manently in  parallel,  and  the  armatures  are  permanently  in 
parallel.  To  our  surprise,  we  found  that  the  current  in  the 
top  motor  rose  to  200  amperes,  whereas  the  current  in  the 
bottom  motor  actuary  wvetsed  and  reached  a  value  of  80 
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amperes.  The  bottom  motor,  therefore,  was  acting  as  a 
generator  and  was  retarding  the  motion  of  the  crane  to  the 
extent  of  20  horsepower.  In  other  words,  one  motor  alone 
would  drive  this  crane  faster  than  the  two  motors  in  paral- 
lel. It  was  surmised  that  this  condition  was  due  to  unequal 
currents  flowing  through  the  series  fields  and  the  instru- 
ment was  connected  to  measure  the  currents  in  the  series 
fields. 
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The  results  of  this  investigation  are  shown  in  Fig.  13, 
from  which  it  can  be  seen  that  the  series  field  current  in  the 
bottom  motor  is  about  50%  larger  than  that  in  the  top  mo- 
tor. To  correct  this  unbalancing,  additional  resistance  was 
placed  in  series  with  the  field  taking  the  largest  current, 
making  the  division  of  current  as  nearly  equal  as  it  was  pos- 
sible to  do  with  the  means  at  hand.  Fig.  14  shows  the  mo- 
tor currents  after  the  fields  had  been  equalized.  One  motor 
takes  about  60  amperes  running   current    and   t."c\.ft   (ittsssc 
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about  40  amperes,  but  by  comparison  with  the  conditions 
shown  in  Fif.  12,  the  installation  could  be  regarded  as  fairly 
satisfactory.  The  current,  at  least,  flows  in  the  same  direc- 
tion in  each  motor. 

Fig.  15  relates  to  two  20  h.p.,  230  volt,  series  motors 
driving  another  machine.  The  controller  was  the  same  type 
that  was  used  in  the  previous  test.  When  acceleration  was 
completed,  the  top  motor  took  90  amperes,  whereas  a  small 
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current  of  about  5  amperes  passed  through  the  bottom  mo- 
tor in  the  reverse  direction.  This  particular  machine  has 
been  running  in  this  way  for  two  or  three  years,  and  if 
anyone  had  remonstrated  about  this  type  of  control,  prob- 
ably the  answer  would  have  been  that  inasmuch  as  it  con- 
tinued to  run,  it  was  all  right.  Witliin  the  last  few  months, 
however,  the  motors  have  given  serious  trouble,  and  it  will 
soon  be  necessary  to  replace  them.  The  point  which  I 
wish  to  emphasize,  is  that  these  two  motota  '«o>Aii.\»a.Nfe\sa& 
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a  libetal  surplus  of  capacity  had  they  been  ctmtivUed  in  a 
correct  manner.  They  were  originally  made  lararer  than 
seemed  strictly  necessary  in  order  to  provide  just  this  c^ia- 
city  for  emergency,  but  due  to  the  poor  method  of  control, 
one  of  the  motors  was  made  to  talw  so  much  current  Outt 
there  was  no  safety  margin  left  In  other  words,  if  oat 
of  two  motors  takes  much  the  larger  share  of  current,  no 
doubt  your  conservatism  in  selecting  motor  sizes  will  e 
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this  equipment  to  operate  for  some  time,  but  you  have  re- 
moved that  emergency  capacity  which  you  intended  to  have 
and  which  would  undoubtedly  have  resulted  in  longer  life 
and  fewer  interruptions  to  service. 

Fig.  16  relates  to  two  25  h.p.  series  motors  regulated 
by  a  controller  of  the  type  shown  in  Fig,  6 ;  in  other  words, 
there  are  individual  reversers  for  each  motor,  one  accelera- 
tion resistor,  one  set  of  acceleration  contactors,  and  each 
series  field  is  connected  to  its  armature.    I  pointed  out  pre- 
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viously  that  this  type  of  control  is  satisfactory  for  accelera- 
tion from  standstill,  but  at  the  moment  of  reversal,  heavy 
circulating  currents  come  into  existence.  Fig.  16  is  a  strik- 
ing confirmation  of  this  theory.  The  acceleration  is  satis- 
factory, but  at  reversal,  the  bottom  motor  reverses  the  po- 
larity of  the  top  motor  and  a  circulating  current  of  at  least 
500  amperes  flows  through  the  two  motors  in  series.  There 
is  a  peculiar  diminishing  of  this  current  shown  on  the  curves 


FIG.I8 

with  a  subsequent  re-establishment  of  a  somewhat  smaller 
circulating  current;  I  am  unable  to  explain  this,  but  it  may 
be  due  to  surges  or  it  may  be  that  the  operator  pulled  the 
master  switch  to  the  "ofi""  position  and  then  threw  it  back 
again.  This  does  not  matter,  however,  the  Important  point 
being  the  existence  of  the  heavy  circulating  currents. 

An  attempt  was  made  to  correct  this  difficulty  by  con- 
necting an  equalizer  from  the  junction  of  the  series  field  and 
armature  of  the  top  motor  to  the  junction  of  the  series  field 
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and  amutiire  of  the  bottom  motor.  This  was  mn^r  >  »- 
vernon  to  the  type  of  controller  shown  m  FIs.  S,  villi  Ike 
fiekb  permanently  in  parallel  and  the  armatmcs  pemaaiBt- 
1y  in  paralld.  The  danger  of  drenlatins  eiuiaila  e«  x^ 
venal,  was  mnoved,  bat  the  division  vA  load  was  not  foo^ 
the  results  being  indicated  in  Fig.  17. 

Figures  18  and  19  show  the  operatimi  at  irtiat  I  eoR- 
dder  the  ocnreet  method  of  contioL    The  eonneetiaDa  are 


those  of  V\g.  9,  which  include  for  each  motor,  individual  re- 
verscr.s,  an  acceleration  resistor,  and  a  set  of  acceleration 
conUictors.  The  controller  is  made  up  of  two-pole  contac- 
tors throughout,  one  pole  of  each  contactor  being  in  one  mo- 
tor circuit  and  the  other  pole  being  in  the  other  motor  cir- 
cuit. Fig.  18  shows  the  acceleration  of  two  30  h.p.  series 
motors.  Fijf.  19  shows  the  acceleration  and  reversal  of  two 
SO  h.p.  series  motors.  There  is  little  comment  to  be  made 
on  these  curves  except  to  say  that  they  are  all  right.    The 
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currents  during  acceleration,  reversal  and  during  normal  run- 
ning are  almost  the  same  in  each  circuit ;  each  motor  is  do- 
ing its  fair  share  of  the  work,  the  only  uneven  division  of 
load  being  due  to  imperfections  in  the  motors  themselves. 


DISCUSSION 


H.  A.  Lewis:  Referring  to  Fig.  10,  what  will  occur 
if  you  took  the  field  of  No.  2  motor  and  connect  it  with  the 
armature  of  No.  1,  or  take  the  field  of  No.  1  motor  and  con- 
nect it  to  the  armature  of  No.  2?  Suppose  you  start  out 
with  No.  1  motor,  go  to  the  brake,  then  go  from  the  brake 
to  the  retaining  brake  on  No.  2  motor,  from  that  to  the 
field  of  No.  2  motor,  and  then  to  the  line? 

H.  F.  Stratton:  You  have  your  fields  and  armatures 
criss-crossed.  I  do  not  think  that  would  make  so  much  dif- 
ference on  the  assumption  proposed.  I  am  assuming  here 
that  the  current  in  each  motor  stops  at  the  same  time; 
that  is,  the  current  in  the  whole  circuit  would  stop  at  the 
same  time.  But,  perhaps  the  brake  of  one  motor  is  applied 
more  rapidly  than  the  brake  of  the  other  motor,  therefore 
the  momentum  is  taken  out  of  the  armature  of  that  motor 
much  more  rapidly  than  the  other;  the  other  is  still  en- 
deavoring to  rotate,  and  upon  the  analysis  of  the  thing,  I  as- 
sume one  was  locked  first.  Now  the  line  of  that  which  I 
followed  through  that  time,  I  do  not  think  involved  the  ques- 
tion of  current  in  the  motor,  it  was  merely  that  one  motor 
was  brought  up  more  quickly  than  the  other  motor.  I  re- 
gard that  not  as  an  unbalancing  of  motor  current,  but  of 
braking. 

H.  A.  Lewis:  Is  it  not  a  fact  that  the  load  would  be 
equalized  on  those  two  motors  ? 

H.  F.  Stratton:  Not  if  one  motor  is  brought  more 
quickly  to  rest,  by  a  more  violent  action  of  its  armature 
brake  than  the  other  motor.  I  am  assuming  that  the  cur- 
rent is  cut  off  entirely  from  each  motor.  Some  rather  pre- 
liminary investigation,  which  I  have  had  made  on  that  sub- 
ject, seems  to  indicate  that  as  being  right,  but  it  is  not  a 
question  of  one  motor  receiving  current  longer  than  the 
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other,  or  one  brake  longer  than  the  other,  but  merely  after 
the  current  has  ceased  entirely  through  the  electrical  sys- 
tem that  one  brake  sets  quicker  than  the  other.  One  is 
considered  stationary,  while  the  other  is  endeavoring  to  ro- 
tate. I  presume  what  you  have  in  mind  may  be  a  little  more 
to  a  uniform  application  of  the  brakes. 

H.  A.  Lewis:     On  the  ladle  crane. 

H.  F.  Stratton:  Have  you  tried  it  out?  I  would  be 
glad  to  have  you  tell  me  if  you  have. 

H.  A.  Lewis:  We  have  not  gone  into  the  matter  Hx 
enough  to  say  very  much,  but  we  are  trying  it  out  and  it 
looks  all  right. 

H.  F.  Stratton:  I  still  think  you  will  have  the  need 
of  ke^ng  the  two  brakes  in  fairly  uniform  adjustment. 

H.  A.  Lewis:  We  find  if  the  contactors  fail  to  go  in 
on  one  motor,  the  other  motor  attempts  to  start  the  entire 
load ;  if  one  motor  is  slow  in  starting,  the  same  results  are 
obtained. 

H.  F.  Stratton:  There  are,  however,  disadwitaees 
about  criss-crossing  fields.  I  realize  it  brings  out  those 
points  that  you  mention,  but  I  do  not  think  you  will  get, 
perhaps,  as  accurate  an  acceleration  as  you  would  in  con- 
nection with  having  each  field  directly  attached  to  its  own 
armature.  It  is  a  rather  hard  thing  to  analyze  without  a 
diagram  before  you  in  all  its  different  phases. 

George  W.  Richardson:  We  have  tried  two  series 
shunt  motors,  both  motors  in  parallel  on  table  operating 
from  same  controller,  and  just  as  you  say, when  we  tried  to 
cross  the  fields  and  armature,  we  experienced  difficulty. 
This  wiring  was  made  up  from  a  diagram  sent  to  us,  but 
we  found  it  would  not  work  and  immediately  we  had  to  make 
a  change,  and  change  over  to  the  straight  field  and  arma- 
ture to  the  same  motor.  Of  course,  that  was  due  a  great 
deal  to  the  position  of  the  motors,  that  is,  one  motor  was 
about  50  feet  away  from  the  controller,  and  the  other  mo- 
tor about  200  feet  away,  and  the  difference  in  drop  in  the 
line  would  not  allow  it  to  work,  but  they  are  working  all 
right  now. 

I  will  say  that  in  this  same  mill,  when  we  first  put  on 
the  two  parallel  motors  and  first  connected  them  together 
With  a  shaft,  connecting  both  motors   operating   separate 
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tables,  so  that  in  case  of  one  motor  going  down  all  we  had  to 
do  was  to  take  the  bolts  out  of  the  couplings  of  the  de- 
fective motor  and  then  one  motor  would  run  both  tables. 
We  tried  that  for  about  one  night.  We  actually  twisted 
this  connecting  shaft  off  at  one  motor  and  it  was  a  ragged 
break,  so  that  we  kept  two  motors  in  operation.  We  kept 
it  on  until  morning,  and  then  took  the  shaft  out,  and  that 
is  the  way  we  are  running  today,  without  this  connecting 
shaft.  The  back  action,  as  you  may  call  it,  of  those  mo- 
tors running  in  parallel,  caused  the  strain  sufficient  to  break 
a  large  shaft. 

John  C  Reed:  The  problem  of  parallel  operation  of 
motors  on  cranes  is  one  which  most  of  us  have  given  more 
or  less  thought  and  has  raised  doubts  in  the  minds  of  many 
as  to  whether  or  not  it  has  any  advantages  over  the  single 
motor  design. 

It  has  been  my  practice  to  use  a  separate  controller 
for  each  motor  both  when  applied  to  the  hoist  and  to  the 
bridge.  This,  certainly,  is  a  good  practice,  so  far  as  the 
bridge  is  concerned,  since  the  failure  of  either  motor  or 
controller  will  not  put  the  crane  out  of  service  and  this  is 
one  of  the  advantages  of  a  double  bridge  drive. 

There  is  some  difficulty  in  automatically  cutting  out  a 
motor  on  the  hoist,  since  the  series  brakes  must  be  taken 
care  of.  If  the  overload  operates  on  one  controller,  discon- 
necting the  motor  and  opening  the  circuit,  the  brakes  con- 
nected in  series  with  this  motor  will  set  and  the  other  mo- 
tor continue  to  operate,  the  result  beir'j  that  the  bearing 
cap  bolts  will  be  stretched  or  the  drum  bearing  caps  broken. 

A  good  plan  is  to  connect  the  brakes  of  No.  1  motor  in 
series  with  No.  2  motor  and  vice-versa,  which  will  prevent 
the  trouble  with  the  bearing  caps  but  has  the  disadvantage 
of  putting  the  hoist  out  of  service  whenever  there  is  a  fail- 
ure of  either  motor  or  controller  and  defeats  one  of  the 
principal  reasons  for  using  two  motors.  It  is  entirely  i)os- 
sible,  of  course,  to  provide  knife  switches  on  the  trolley,  ar- 
ranged in  such  a  manner  that  all  the  brakes  can  be  placed 
in  series  with  either  motor  or  divided  between  the  motors. 
This  is  the  arrangement  I  am  using  and  the  only  objection 
to  it  is  the  necessity  of  throwing  these  switches  in  case  of 
failure  of  a  motor  or  controller. 
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We  had  some  trouble  before  cross-connectiiis  the  farahes 
but  have  not  had  any  trouble  since  doing  this.  I  do  not 
think  the  difference  in  the  torque  of  two  similar  motors, 
operating  in  parallel,  will  be  sufficient  to  cause  any  mechanic- 
id  trouble  in  the  crane,  since  it  is  entirely  possible  to  handle 
the  loads  with  one  motor  cut  out. 

It  is  customary  to  figure  the  size  of  the  motors  so  that 
either  one  can  get  away  with  the  heat,  although  it  may  be 
somewhat  overloaded 

To  my  mind,  the  proper  way  is  to  connect  the  brakes 
in  the  line  so  that  the  current  to  both  motors  will  pass 
through  all  the  brakes.  The  failure  of  any  one  motor  wiD 
not  disturb  the  operation  of  the  other,  and  an  open  dreuit 
will  set  all  the  brakes. 

Brakes  connected  in  this  manner  will  probably  require 
some  modification  in  the  design  of  the  brake  coils,  since  the 
current  passing  through  the  coils  will  be  twice  that  whoi 
the  brakes  are  connected  in  series  with  each  individual  mo- 
tor. 

The  scheme  of  using  a  separate  controller  for  each  mo- 
tor is  especially  advantageous  in  the  operation  of  tilting 
furnaces  and  hot  metal  mixers  which  contain  a  large  amount 
of  molten  metal.  Let  us  consider  first  the  tilting  furn- 
ace for  which  I  use  four  motors  and  four  controllers — one 
for  each  motor.  It  is  entirely  possible  for  one  of  these  to 
short-circuit  and  if  it  doesn't  knock  out  the  circuit  breakers 
in  the  power-house,  the  furnace-man  will  never  know  it, 
since  the  overload  will  cut  out  this  motor  and  the  remaining 
three  will  continue  to  handle  the  furnace. 

The  practice  in  duplex  tilting  furnace  operation  is  to 
pour  out  only  part  of  the  furnace  contents.  It  is  desirable 
to  be  able  to  tilt  down  the  furnace  rapidly  so  that  the  slag 
will  not  be  poured  off  before  the  metal,  and  it  is  likewise 
important  that  the  power  be  available  to  tilt  it  back  in  the 
same  manner.  We  therefore  do  not  care  to  take  any  chances 
on  having  a  controller  failure  stopping  the  operation. 

There  is  danger  in  case  of  a  mixture  containing,  say, 
800  or  1000  tons  of  metal  and  from  which  you  wish  to  pour 
out  only  20  tons,  of  not  being  able  to  get  back  the  mixer 
after  it  has  been  tilted,  due  to  controller  failure.  I  there- 
fore use  two  motors  and  four  controllers,  leaving  a  spare 
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set  which  can  be  cut  in  by  the  operator  simply  transferring 
his  master  switch  handle  to  a  spare  master  switch  which 
controls  the  second  set  of  solenoid  controllers.  I  think  it 
would  be  better  to  use  four  motors  in  the  case  of  the  mixer, 
but  we  have  only  two.  I  do  not  use  any  brakes  on  either 
the  furnace  or  mixer  motors,  since  they  are  balanced  screw 
drives  and  brakes  are  not  needed. 

H,  F.  Stratton:  There  is  another  objection  to  that 
which  I  do  not  think  very  serious  but  propose  mentioning. 
During  the  lowering  by  dynamic  braking,  most  direct  sys- 
tems provide  for  the  application  automatically  of  the  brakes. 
If  you  lose  the  motor  circuit  of  one  of  the  motors  during 
the  lowering,  that  would  not  lock  the  brakes  under  the 
scheme  ypu  suggest. 

John  C.  Reed:  I  started  out  on  the  assumption  that 
one  motor  would  handle  the  entire  load,  so  the  failure  of  the 
dynamic  brake  in  one  motor  I  do  not  think  would  be  seri- 
ous. 

H.  F,  Stratton:  I  am  inclined  to  agree  with  you  that 
that  is  the  best  place  to  put  them. 

John  C  Reed:  I  might  state  in  connection  with  hold- 
ing speed  on  motor  for  a  winch,  that  I  have  had  a  little  ex- 
perience along  this  line,  and  there  are  about  three  ways  of 
doing  it.  One  which  has  been  suggested  and  the  most  usu- 
ally employed  is  resistance  in  series  with  the  motor  to  keep 
the  motor  from  speeding.  This  is  not  in  all  cases  satis- 
factory, and  especially  so  in  the  larger  machines.  If  you 
get  up  above  50  h.p.  or  thereabouts,  it  is  better  to  place  a 
resistance  in  parallel  with  the  armature,  which  serves  two 
purposes,  the  principal  one  being  to  strengthen  the  field 
of  the  motor,  which  will  prevent  the  motor  from  running 
away  and  also  give  you  the  creeping  speed  desired.  In 
handling  heavy  loads,  another  scheme  is  to  use  a  compound 
motor,  but  this  is  a  complication  undesirable  in  the  field. 
One  other  scheme  I  have  employed  satisfactorily  is  to  use 
an  a-c.  motor — a-c.  current  frequently  being  the  only  source 
available. 

H.  F,  Stratton:  You  think  we  get  the  torque  through 
the  motor  sometimes  before  the  brake  is  released? 

John  C.  Reed:  I  have  run  up  against  that  same  thing 
and  solved  it  by  re-designing  the  brake. 
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R.  B.  Gearhart:  There  is  one  thing  about  this  last 
statement  that  may  influence  Mr.  Reed  on  the  queatian  he 
put  forth.  Even  though  you  do  have  a  well  designed  farake, 
and  the  operator  is  trjring  to  thro'w  the  dynamic  controller 
over  into  the  highest  speed  point,  it  would  take  two  brakes 
connected  in  the  line  having  capacity  for  both  motora  in 
parallel.  If  one  motor  is  cut  out  of  operation  probably  yoa 
would  not  get  enough  current  there  to  handle  any  brake  at 
all.    Does  it  not  appear  that  way  to  you,  Mr.  ReedT 

John  C.  Reed:  I  stated  in  my  discussion  that  the  prob- 
;em  involved  was  in  the  new  design  of  brakes.  As  fiur  as 
the  manufacture  is  concerned,  there  is  no  question  about 
that.  Of  course,  usually  when  you  run  one  motor,  say  on  a 
crane,  in  place  of  two  motors,  the  motor  will  be  somewliat 
overloaded,  and  it  is  a  question  to  my  mind  whether  yoa 
won't  have  pretty  nearly  as  much  current  flowing  throuih 
the  one  motor  as  otherwise  you  would  through  the  twa 
It  is  evident  that  the  one  motor  is  doing  the  work  of  two 
motors,  and  it  is  going  to  take  as  muchsMirrait  to  do  it; 
so  I  am  not  certain  that  you  will  have  to  change  your  brakes 
very  much  from  the  present  design  to  get  away  with  it. 

F,  W.  Stevens:  I  would  like  to  ask  Mr.  Stratton  a 
question  regarding  the  manually-operated  djnriamic  brake 
controller;  whether  you  have  not  had  complaints  from 
people  before  now  in  regard  to  brake  lining  being  worn  by 
operators  advancing  the  controller  from  off  to  full  on  posi- 
tion in  the  lowering  direction  without  giving  the  kick-off 
point  the  required  time  to  release  the  brake,  consequently 
running  against  same  for  the  full  drift  wearing  out  the 
brake  lining? 

H.  F.  Stratton :     Yes,  we  have. 

F.  W.  Stevens:  It  has  been  a  question  in  mind  wheth- 
er an  interlocking  device  should  not  be  devised  to  prevent 
such  an  occurrence ;  for  instance,  an  electrical  or  mechanical 
interlocking  device  introduced  at  the  kick-off  point  to  pre- 
vent this  occurrence. 

H.  F.  Stratton:  Our  experience  has  been,  if  we  put 
it  on  they  take  it  off;  they  do  not  even  keep  the  ratches  on 
to  keep  the  controller  in  the  off-position.  That  is  sad,  but 
it  is  also  true.  Sometimes  it  is  carried  too  far.  I  have 
known  of  fatal  accideivl^  dw^  \^  t^tclovuv^  the  center  ratch 
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from  a  controller  so  it  can  fall  over  one  way  or  another. 
I  know  of  a  case  that  occurred  not  long  ago.  The  master 
controller  had  that  ratch  taken  off  and  it  fell  over  slowly 
to  the  highest  position.  It  crept  up  very  slowly,  and  the 
man  working  beneath  it  or  nobody  else  noticed  it.  It  went 
up,  broke  the  blocks,  fell  down  and  killed  the  man  under- 
neath. 

F.  W.  Stevens:  While  most  everybody  is  in  favor  of 
djmamic  braking,  this  condition  casts  a  reflection  on  dy- 
namic installation. 

H.  F.  Stratton:  I  do  not  like  to  see  any  change  made. 
From  the  standpoint  of  safety,  however,  it  is  a  very  good 
thing  to  get  the  dynamic  effort  and  the  friction  effort  of  the 
brake  both  working,  and  as  I  understand  it  you  propose 
some  scheme  so  the  brake  would  not  apply  until  the  motor 
got  to  rest. 

F.  W,  Stevens:  When  I  spoke  of  a  ratcheting  device 
I  did  not  necessarily  mean  such;  it  could  be  an  electrical 
or  mechanical  device  to  overcome  the  negligence  of  opera- 
tors and  still  operate  the  dynamic  brake  hoist  as  it  is  in- 
tended, thus  showing  its  efficient  qualities. 

Leonard  Work:  I  would  Uke  to  ask  Mr.  Stratton  in 
regard  to  a  method  of  operating  electrical  hoists,  of  the 
type  having  only  one  direct-current  motor.  Where  a  hoist 
is  operated  by  stevedores,  as  is  quite  often  the  case,  they 
run  them  very  often  on  the  first  or  starting  notches  when 
the  motor  is  pulling  a  heavy  load,  and  so  cause  frequent 
burnouts  of  the  resistance.  A  scheme  to  obviate  this  would 
be  to  do  away  with  the  starting  resistance  entirely  and,  by 
placing  two  motors  on  one  shaft,  operate  them  in  series- 
parallel  combinations  as  is  done  in  street  car  service. 

H,  F,  Stratton:  I  presume  you  refer  to  hoists  for 
vessels  loading  at  docks,  don't  you,  Mr.  Work  ? 

Leonard  Work:     Yes,  direct-current  cargo-hoists. 

H.  F.  Stratton:  That  is,  the  electrically-operated 
winches  with  the  "nigger-heads"  on  them  ? 

Leonard  Work:     That  is  the  idea. 

H.  F.  Stratton:  They  do  not  stop  the  motors  in  that 
case  because  they  simply  loosen  up  on  the  turns  around  the 
winch  head  when  they  want  to  pay  out  the  rope.  I  have 
run  into  that  question  over  at  the  Chelsea  piers^  vw  ^^^ 
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York,  which  are  possibly  the  best  equipped  piers  in  New 
York  harbor.  They  tell  me  they  had  that  trouble,  and  they 
solved  it  by  putting  part  of  a  field  on  so  the  motors  do  not 
have  a  tendency  to  race,  and  the  stevedores  are  willing  to 
throw  the  controllers  on  to  full-position  and  let  the  motors 
grind  away.  That  is  an  interesting  topic  you  mentioned, 
handling  freight  in  and  out  of  vessels.  The  way  it  is  done 
you  might  as  well  have  a  steam  engine  or  anything  else.  A 
compound  motor  would  take  care  of  it,  would  it  not,  in  your 
case? 

Leonard  Work:  It  is  not  a  question  of  very  high  speed, 
it  is  a  question  of  very  low  speed*  There  is  no  trouble  with 
the  motors  on  account  of  high  speeds  as  our  motors  do  have 
a  light  shunt  winding,  in  addition  to  the  series  winding,  to 
prevent  racing  at  light  loads. 

IL  F.  Straiten:  Perhaps  it  is  different.  I  have  notic^ 
ed  them  in  New  York  harbor.  They  seem  to  be  able  to  get 
quite  a  low  speed  and  to  maintain  it  even  if  the  motor  is 
running  free.  I  was  looking  on  yesterday  for  three  or  four 
hours  when  they  were  loading  the  ''Celtic''  I  looked  at 
perhaps  six  electric  winches  with  the  controllers  in  "fuD 
on"  position,  with  all  of  them  going  all  the  time.  They  did 
not  have  much  difficulty  in  getting  low  speed  by  lettin'g  the 
line  slip,  but  the  electric  man  over  there  told  me  they  used 
to  have  trouble.  I  do  not  know  very  much  about  that  ques- 
tion, except  in  the  position  of  an  interested  outsider. 

W.  W.  Geiser:  I  take  it  Mr.  Work  wants  low  speed 
running  on  the  first  notch.  I  had  the  same  experience  and 
got  around  it  by  putting  heavier  resistance  in  and  lengthen- 
ing it  out.  It  did  not  take  much  extra  space.  You  can  then 
run  on  the  first  notch  as  long  as  you  please. 

H.  F.  Stratton:  I  believe  the  running  friction  is  not 
very  heavy;  when  the  winch  is  running  light  it  runs  very 
free. 

Leonard  Work:  An  electric  dock  hoist,  or  winch,  to 
be  successfully  operated  by  stevedores  must  be  foolproof 
and  must  require  no  more  intelligence  than  necessary  with 
the  throttle  of  a  steam  hoist  which  may  be  operated  in  any 
position  between  "open"  and  "closed."  When  it  is  desired 
to  hoist  a  heavy  load  very  slowly  the  operator  moves  the 
controller  handle  to  the  position  where  a  suitable  speed  is 
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obtained.  This  will  be  one  of  the  resistance  notches.  It  is 
also  a  peculiar  habit  of  stevedore  operators,  when  they 
want  to  hold  a  load  suspended,  instead  of  shutting  off  the 
motor  and  letting  the  latter's  brake  hold  the  load,  to  run 
the  motor  slowly  while  the  man  at  the  winch  head  slackens 
the  turns  of  rope  around  it  just  enough  so  that  the  load  is 
neither  raised  nor  lowered.  This  condition  sometimes  lasts 
for  several  minutes,  the  power  being  expended  in  overcom- 
ing the  friction  between  the  rope  and  the  winch  head.  In 
such  a  case,  when  the  load  on  the  motor  is  just  about  its 
capacity,  a  resistance  intended  only  for  starting  purposes 
will  be  overheated  and  possibly  bum  out,  although  the  mo- 
tor may  not  suffer  in  the  least.  If  the  resistance  is  made 
large  enough  for  continuous  running,  then  it  becomes  bulky 
and  occupies  too  much  space,  which  latter  is  limited  on  a 
portable  hoist. 

It  might  be  better  if  the  resistance  were  entirely  done 
away  with,  and  speed  control  obtained  through  series-par- 
allel combinations.  This  would  entail  the  employment  of 
two  motors,  instead  of  one,  operating  a  single  pinion.  It 
would  seem  that  the  extra  cost  of  two  half -size  motors,  in- 
stead of  one  unit,  would  be  offset  by  the  advantages  gained 
in  control  and  the  elimination  of  resistances  and  the  losses 
occasioned  thereby. 

George  W.  Richardson :  I  have  quite  a  number  of  cases 
of  two  motors  running  in  series.  On  the  table  motors,  I 
also  have  two  armatures  in  one  frame.  I  find  even  in  that 
design,  we  come  across  the  same  old  trouble  that  Mr.  Strat- 
ton  has  shown;  perhaps  an  air  space  of  one  side  of  one 
armature  is  a  little  bit  more  than  the  other.  I  have  one 
motor  running  on  a  planer  that,  in  fact,  gives  me  more 
trouble,  I  think,  from  that  cause  than  any  other  motor  of 
this  kind  that  I  have  around  the  plant.  It  is  due  to  the 
magnet  frame  being  turned  a  little  bit  out  of  center;  it  is 
not  exiactly  true,  as  the  other  one  is;  when  the  armatures 
dre  placed  in  this  motor  they  differ  15  or  20  revolutions, 
which  is  a  drag  on  one  motor,  and  which  causes  us  to  have 
a  little  trouble.  But  I  have  something  like  60  of  these  two- 
armature  motors  running  at  our  plant,  and  I  do  not  ex- 
perience very  much  trouble  from  them.    What  I  mean  by 
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that  is,  the  armatures  have  equal  space  with  each  other, 
or  parallel,  so  we  have  very  little  trouble  from  that  point 

We  find  some  of  these  motors  give  some  trouble  especial- 
ly on  quick  reversing.  The  magnet  frame  of  these  moton 
are  made  in  halves  with  the  pole-pieces  cast  in  them  and 
some  pole-pieces  are  a  little  larger  or  smaller  than  the  oth- 
ers. In  other  words,  they  are  rough  castings,  and,  of  ooorae, 
it  is  a  pretty  hard  matter  to  get  equal  square  inches  in  all 
field  cores,  and  when  we  place  on  field  coils  of  the  same 
turns,  this  may  make  a  change,  so  that  it  may  affect  the 
lines  of  force  somewhat.  These  are  two-armature  motors 
and  not  two  separate  motors.  With  the  separate  motora, 
as  Mr.  Stratton  spoke  of  tonight,  you  will  have  the  same 
trouble  in  manufacturing.  I  would  say  we  run  all  our  doub- 
le-armature motors  in  straight  series  (except  a  few  shunt- 
connected  motors  we  use  on  planers.)  We  very  seldom  run 
them  in  parallel  We  have  experimented  with  them  in 
series,  parallel,  and  series-parallel,  but  we  prefer  operating 
them  in  series,  as  we  have  not  had  occasions  of  getting  too 
high  speeds,  as  these  motors  are  mostly  direct-connected. 
When  we  put  the  two  motors  on  for  heavy  duty  work,  we 
place  on  the  same  size  motors.  In  other  words,  if  we  have 
a  20  h.p.  motor  and  find  the  most  trouble  is  due  at  the 
moment  of  starting,  then  we  put  on  another  motor  to  save 
us  from  having  trouble. 

I  have  a  case  just  now  at  our  plant  where  we  made  a 
special  25-ton  crane  10  feet  wide  and  very  heavy.  Some  of 
the  boys  call  it  the  "gunboat."  We  have  one  motor  on  the 
traveling  motion  and  a  number  of  tests  have  proven  that 
the  motor  is  large  enough  to  run  this  crane  while  it  is  in 
motion,  but  not  for  starting,  and  this  motor  gives  a  great 
deal  of  trouble  from  the  starting  effect.  I  know  if  we  put 
another  motor  of  the  same  size  on  this  crane,  we  are  liable 
to  run  for  years  without  any  trouble  whatever  on  this 
traveling  motion.  I  have  two  motors  on  some  cranes,  trav- 
eling motion,  that  have  been  running  for  the  past  10  or  12 
years  in  series  and  have  had  no  trouble  with  them.  I  have 
also  a  lot  of  other  cranes  that  run  very  good,  having  only 
single  motors.  But  in  all  cases  where  I  have  two  motors 
on  the  travelling  of  motion  cranes,  they  run  for  a  long  while 
without  the  least  bil  ol  Irowbl^,  2iivd  I  claim  by  putting  two 
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motors  on  for  heavy  duty  work,  and  operating  them  in  series, 
we  get  two  torques  at  the  moment  of  starting  and  do  not 
get  high  peaks,  also  slow  start,  and  it  will  relieve  us  of  the 
troubles,  and  it  will  save  more  than  the  cost  of  the  extra 
motor  by  putting  them  on  that  way. 

BL  F.  Stratton:  I  think  that  is  a  very  interesting 
thing;  it  has  alw<ays  been  interesting.  The  operation  of 
motors  in  series,  I  find  considerable  merit  in  it,  and  I  wish 
to  amplify  a  thing  I  said  a  little  while  ago,  that  apparently, 
there  was  a  disposition  to  slow  down  motors  by  putting 
motors  in  series.  I  think  that  the  disposition  can  be  elim- 
inated by  studying  the  ratio  of  gearing  between  the  motor 
and  the  machine.  I  believe  with  two  motors  in  series,  you 
have  a  good  deal  of  opportunity,  to  get  as  fast  operation  as 
with  the  two  motors  in  parallel.  It  is  not  horsepower, 
speed  or  anything  else,  it  is  torque  development  in  the  mo- 
tors and  relative  moment  of  inertia  of  the  armature  itself, 
and  the  equivalent  moment  of  inertia  of  the  entire  mechan- 
ism which  you  have  to  move.  That  is  the  whole  subject 
in  itself,  but  I  think  it  is  worthy  of  more  careful  thought 
and  extensive  trials  than  you  have  made  in  the  past. 

Baxter  Reynolds:  I  would  like  to  ask  Mr.  Richardson 
if  he  puts  the  two  motors  on  at  the  same  time,  or  one  at 
a  time? 

George  W.  Richardson:  We  do  not  take  one  motor  out, 
but  keep  both  motors  operating  at  the  same  time.  We  do 
not  have  a  great  distance  to  run  on  our  crane  runways,  and 
in  series  operating  the  motors  give  us  the  speed  required  for 
our  conditions.  If  we  have  a  long  crane  runway,  it  would 
be  possible  to  put  in  a  series-parallel  control  and  operate 
the  motors  by  series-parallel  providing  they  were  not  on  the 
same  shaft. 

On  the  subject  of  motors  in  series,  there  are  two  or 
three  good  points,  I  should  think,  especially  if  you  have 
250-volt  circuits,  you  have  half  that  on  your  armature. 
Dirt  in  steel  foundries  and  steel  mills  is  most  injurious  to 
deal  with.  Oil  and  dirt;  and  the  higher  the  electro-motive 
force,  the  easier  it  is  to  carry  over  that  oil  and  dirt  and 
cause  trouble ;  also,  having  two  motors  in  series,  we  get  two 
starting  torques  with  the  same  current  and  start  the  load 
much  easier  than  if  only  one  motor  is  used. 


ed  about  tnakius  the  motors  for  this  mill.  I  went  down  to 
Wharton  Foundry,  Philadelphia,  and  had  them  make  for 
me  a  low  carbon  magnet  frame  and  I  made  up  a  oast  iron 
base  and  finished  up  one  motor  for  trial  and  placed  it  in  the 
place  of  a  single-armature  motor  which  was  giving  us  con- 
siderable trouble.  This  double-armature  motor  worked  so 
well  on  this  trial  that  the  firm  decided  to  give  me  the  job 
to  make  all  the  motors  for  this  mill,  Uf ting  and  transfer  and 
hot  bed  tables.  We  made  60  motors  and  they  are  all  work* 
ing  satisfactorily  today. 

We  have  experienced  some  trouble  on  these  motors, 
such  as  Mr.  Stratton  has  brought  out  in  his  talk.  We  snap 
off  bolts  and  break  caps  occasionally.  This  is  due  smne- 
what  to  the  design  of  motor  base.  I  do  not  know  how  we 
are  going  to  overcome  it.  Of  course,  as  I  say,  this  was  the 
first  design,  and  I  never  yet  saw  anybody  design  the  first 
motor  perfect.  I  do  not  say  that  my  own  design  was  per- 
fect, especially  the  mechanical  end  of  it.  I  would  like  to 
say  also,  we  do  not  build  these  motors  now,  we  buy  them. 
The  trouble  of  building  a  two-armature  motor  is,  as  I  said. 
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in  trying  to  get  it  accurately  bored  and  also  the  same 
amount  of  iron  in  it  so  that  the  armatures  revolve  at  the 
same  speeds  with  the  same  field  and  voltages.  To  do  that,  we 
would  have  a  hard  job;  therefore  we  have  given  up  the  idea 
of  building  any  more  of  them  except  for  very  special  cases. 

I  was  asked  the  question  the  other  day,  by  one  of  our 
managers,  if  I  could  make  double-armature  motors  for  some 
cranes  that  we  have  made  and  are  waiting  for  motors  to  be 
installed.  I  said  that  I  could  not  make  them  in  time  for 
their  use.  The  motor  companies  are  away  behind  in  their 
deliveries,  and  we  cannot  get  motors  inside  of  8  or  9  months 
after  the  receipt  of  orders,  and  we  have  these  two  cranes 
waiting  for  motors  before  we  can  put  them  in  use. 
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SPEED  CONTROL  OF  INDUCTION  MOTORS  FOR    V-/ 

STEEL  MILL  DRIVE 


By  J.  D.  WRIGHT 


The  ordinary  induction  motor  with  phase  wound  rotor 
is  essentially  a  constant  speed  machine,  but  on  account  of 
its  many  desirable  characteristics,  such  as  its  ability  to  ex- 
ert very  high  starting  and  running  torques  and  to  carry 
heavy  overloads,  its  high  efficiency  and  its  extreme  simpli- 
city of  construction,  considerable  time  has  been  devoted  to 
the  study  of  means  of  obtaining  speed  control. 

Many  methods  have  been  used,  among  which  are  the 
following : 

Rheostat  control 

Multispeed  windings 

Concatenated  control 

Scherbius  system 

Kraemer  system 

Heyland  system 
It  is  the  object  of  this  paper  to  describe  a  modification 
of  the  Scherbius  system  as  applied  to  induction  motors  for 
steel  mill  main  roll  drives  which  permits  the  operation  of 
the  roll  motor  at  speeds  above  and  below  synchronism. 

An  attempt  is  made  here  to  present  a  clear  view  of  the 
actions  of  the  machines,  avoiding  all  unnecessary  discussion 
of  the  somewhat  complex  theories  involved. 

MAIN   MOTOR 

The  main  roll  motor  is,  of  course,  the  usual  type  of 
three-phase  machine  with  phase  wound  rotor,  the  stator 
winding  being  the  primary  and  the  rotor  winding  the  second- 
ary. 

693 
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It  is  well  known  that  when  voltasre  is  applied  to  tiie 
primary  windings,  the  ^altematins:  currents  in  the  various 
coils  produce  a  magnetic  field  which  revolves  at  a  speed  de- 
pending directly  upon  the  frequency  and  inversely  upon  the 
number  of  poles. 

In  the  secondary  windings,  which  are  cut  by  the  rotat- 
ing magnetic  field,  there  is  generated  a  voltage  which  is  a 
maximum  when  the  rotor  is  at  standstill.  The  secondary 
frequency  is  then  exactly  the  same  as  the  primary  frequency. 

The  currents  which  fiow  in  the  secondary  windings  will 
exert  a  torque,  causing  the  rotor  to  turn  in  the  directitm  of 
the  rotating  field.    The  rotor  speed  will  continue  to  increase. 


and  at  the  same  time  the  secondary  voltage  and  frequency 
will  decrease  until  the  secondary  voltage  is  just  sufficient  to 
send  through  the  impedance  of  the  winding  sufficient  current 
to  develop  the  required  torque.  At  exact  synchronism  the 
secondary  voltage  and  frequency  are  zero.  If  the  load  re- 
mains constant  (normal  conditions  being  assumed)  and  the 
speed  is  reduced  by  the  well-known  method  of  inserting  re- 
sistance in  the  secondary  circuit,  then  at  any  other  speed 
the  voltage  and  frequency  are  practically  proportional  to  the 
slip  in  per  cent,  of  synchronous  speed.  These  relations  are 
shown  by  the  curve  in  ¥1^.  1. 
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duction  generator  is  an  ordinary  squirrel-cage  machine 
which  may  cqperate  either  below  or  above  synchxonisnt 
When  the  speed  is  less  than  synchronism  the  machine  acts 
as  a  motor  takin^r  power  from  the  line.  When  the  rotor  is 
driven  above  synchronism  the  machine  acts  as  aA  induction 
generator  and  delivers  power  to  the  line. 

The  regulating  motor  is  a  polyphase  commutator  motor 
with  an  armature  similar  to  that  of  an  ordinary  diredHmr- 
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Fig.  3.    Diagram  of  Connections  for  Induction  Motor  with 
Double  Range  Speed  Reg^ulating  Equipment. 

rent  machine.  Its  stater  is  usually  wound  with  three  dis- 
tinct windings ;  viz.,  a  compensating  field  winding,  an  inter- 
pole  field  winding,  and  a  main  exciting  field  winding. 

The  exciter  is  similar  to  the  regulating  motor,  but  is 
somewhat  simplified  because  of  its  smaller  size  and  lighter 
service. 

OHMIC   DROP   EXCITER 

In  addition  to  the  regulating  set  there  is  required  a 
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smaU  auxiliary  exciter  which  has  been  called  an  ohmic  drop 
exdfter. 

The  armature  is  mounted  on  the  shaft  of  the  main  mo- 
tor, so  that  its  speed  is  always  the  same  as  that  of  the  main 
motor.  This  exciter  has  the  property  of  giving  a  constant 
voltage  with  a  varying  frequency ;  the  frequency  always  be- 
ing exactly  the  same  as  that  of  the  secondary  circuit  of  the 
main  motor.  This  necessitates  that  the  machine  be  wound 
with  the  same  number  of  poles  as  the  main  motor. 

The  machine  consists  of  an  armature  like  that  of  a  ro- 
tary converter,  having  both  conmiutator  and  slip  rings. 
The  field  punch  ings  which  surround  the  armature  are  with- 
out slots  or  windings.  Since  it  is  usually  designed  to  handle 
three-phase  current,  its  commutator  is  usually  supplied  with 
a  multiple  of  three  sets  of  brushes. 

As  shown  in  the  diagram  of  connections.  Fig.  3,  the 
slip  rings  are  connected  through  a  transformer  to  the  main 
power  lines.  If  voltage  is  applied  to  the  slip  rings  with  the 
armature  at  rest  the  alternating  currents  in  the  various  coils 
produce  a  magnetic  field  which  revolves  around  the  rotor  at 
a  speed  depending  directly  upon  the  frequency  and  inversely 
upon  the  number  of  poles,  the  same  as  in  an  ordinary  induc- 
tion motor. 

If  the  armature  of  the  main  motor  be  rotated  at  syn- 
chronous si)eed,  and  if  the  phase  rotation  of  the  ohmic  drop 
exciter  be  such  that  the  direction  of  rotation  of  its  mag- 
netic field  is  opposite  to  the  mechanical  rotation,  the  mag- 
netic field  would  no  longer  rotate  but  would  stand  still  in 
space.  The  armature  conductors  revolving  at  synchronous 
sfpeed  would  thus  cut  this  stationary  flux  and  a  voltage 
would  be  generated  which  would  deliver  direct  current  from 
the  brushes  on  the  commutator  just  as  in  a  direct-current 
generator.  At  one  half  synchronous  speed,  for  example, 
the  magnetic  field  would  be  rotating  at  half  speed  and  the 
armature  at  half  speed,  with  the  result  that  the  armature 
conductors  would  still  cut  the  flux  at  the  same  rate,  and  the 
voltage  generated  would  therefore  be  the  same  as  at  syn- 
chronous speed  and  at  standstill.  The  frequency,  instead 
of  being  zero  as  at  synchronous  speed,  would  be  one  half  of 
the  normal  frequency  applied  to  the  slip  rings  of  the  ohmic 
drop  exciter,  or  exactly  the  same  as  the  txecvxv^Tv^^  ^1  ^^ 
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secondary  of  the  main  motor,  siiice,  as  stated  above,  tbe 
magnetic  field  of  the  ohmic  drop  exciter  is  rotating  in  space 
at  one  half  of  its  synchronous  speed.  At  any  other  speed 
the  voltage  generated  is  constant  and  the  machine  delivers 
from  its  brushes  alternating-current  at  a  frequenor  equal  to 
the  slip  frequency  of  the  main  motor.  It  may  be  noted 
that  alternating  current  at  zero  frequency  is  direct 
current. 

If  the  armature  is  driven  above  synchronism  the  mag- 
netic field  will  of  course  rotate  in  an  opposite  direction  and 
the  machine  will  deliver  from  the  brushes  alternating  cur- 
rent having  a  phase  rotation  reversed  from  that  when  oper- 
ating below  synchronism. 

The  use  of  this  form  of  exciter  has  made  possible  the 
development  of  a  method  of  operation  of  the  main  motor 
that  retains  all  the  desirable  characteristics  of  fhe  normal 
induction  motor  operating  with  short  circuited  slip  ringB, 
not  only  at  speeds  considerably  below  sjmchrcmism  bat 
equally  weU  at  speeds  near  sjmchronism,  in  synehronism,  or 
above  synchronism. 

OPERATION  OF  THE  SYSTEM 

In  the  regulating  motor  the  exciting  winding  is  a  shunt 
winding  connected  directly  across  the  main  induction  motor 
slip  rings.  The  shunt  field  therefore  has  practically  a  fix- 
ed flux  regardless  of  variation  in  load  on  the  main  motor; 
for  as  the  speed  of  the  main  motor  varies  due  to  a  chang- 
ing l6ad  the  secondary  voltage  and  frequency  also  vary  pro- 
portionally, and  therefore  the  flux  remains  constant. 

The  exciter  armature  is  connected  in  series  with  the 
exciting  winding  of  the  regulating  motor  so  that  it  can  buck 
or  boost  the  slip-ring  voltage  and  leave  any  desired  per- 
centage to  be  applied  to  the  field  of  the  regulating  motor. 
If  it  is  desired,  for  example,  to  operate  at  a  speed  where 
one  half  of  the  slip-ring  voltage  is  applied  to  the  regulating 
motor  field  the  exciter  must  buck  away  the  other  half.  It 
must  therefore  have  the  property  of  generating  a  voltage 
always  proportional  to  the  slip-ring  voltage,  instead  of  a 
constant  voltage  like  the  regulating  motor.  Since  it  is  an 
unsaturated  shunt  macYvini^  \t^  voltatge  is  proportional  to  its 
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field  current.  One  of  the  fields  is  excited  from  the  main 
motor  slip  rings  over  a  resistance  that  is  large  compared 
to  the  reactance  of  the  circuit,  so  that  the  field  current  is 
practically  proportional  to  the  slip-ring  voltage. 

Thus,  since  for  any  particular  adjustment  of  the  field  re- 
sistance of  the  exciter  the  exciter  terminal  voltage  is  pro- 
portional to  the  sUp-ring  voltage,  the  difference  between  the 
two  is,  of  course,  proportional  to  the  slip-ring  voltage,  and  is 
therefore  of  the  right  nature  to  apply  to  the  field  of  the 


Pig.  4.     Connections  of  Double  Range  Speed  Regulating 
Equipment. 

regulating  motor  to  produce  constant  flux.  A  change  in 
the  exciter  field  resistance  makes  the  exciter  consume  a 
different  proportion  of  the  slip-ring  voltage,  thus  altering 
the  regulating  motor  field  and  voltage  and  as  a  consequence 
the  speed  of  the  main  motor. 

Reference  to  Fig.  4  will  show  that  the  exciter  has,  in 
addition  to  the  field  excited  from  the  slip  rings,  another  field 
which  is  excited  from  the  brushes  of  the  ohmic  drop  exciter. 
It  might  be  mentioned  here  that  this  exciter  is  called  an 
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olunic  drop  exdter  beeaiue  it  excites  the  regnlatiiig'  motor 
exciter  in  such  a  matmer  as  to  cause  the  latter  to  senerata 
a  voltage  which  actually  balances  the  ohinie  drop  in  tiia  field 
circuit  of  the  regulating  motor.  The  effect  of  this  second 
field  upon  the  speed  variation  cMnpared  to  that  of  the  flnt 
is  small  when  operating  remote  from  synchronism,  but 
large  when  operating  veai  synchronism.    When  (veimtinff 


P^.  5.    Curves  of  Speed  VB.  Secondary  Voltage  Through  Sjmchron- 
iem  Resolved  into  Their  Component  Voltaces. 

exactly  at  synchronism  it  must  of  course  provide  all  the  re- 
quired excitation. 

To  illustrate  the  actions  of  the  different  machines,  let 
it  be  assumed  that  the  main  motor  is  running  below  syn- 
chronism and  that  it  is  desired  that  the  speed  be  raised 
above  synchronism.  Fig.  5  may  help  to  illustrate  the  vari- 
ous points.    Curve  1  shows  the  variations  of  speed  and 
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secondary  voltage.  It  is  assumed  that  the  load  is  such  that 
a  voltage  represented  by  B  is  necessary  to  send  through 
the  impedance  of  the  secondary  circuits  sufficient  current 
to  enable  the  motor  to  develop  the  required  torque.  At  any 
speed  below  synchronism  the  slip-ring  or  rotor  voltage  A 
must  be  greater  than  C,  which  is  the  opposing  voltage,  by 
an  amount  equal  to  B.  Thus  A,  in  addition  to  overcoming 
the  opposing  voltage  C,  also  supplies  the  voltage  B. 

Curve  2  is  an  enlarged  view  of  the  same  quantities  close 
to  synchronism.  Condition  1,  Curve  2,  has  been  reached  by 
decreasing  the  voltage  of  the  regulating  motor.  This  re- 
gulation toward  synchronism  was  accomplished  by  increas- 
ing the  resistance  in  the  ohmic  drop  rheostat  and  decreas- 
ing the  resistance  in  the  exciter  field  rheostat.  (When 
regulating  toward  synchronism  the  resistance  in  the 
exciter  field  rheostat  is  decreased  in  order  that  the 
exciter  may  be  made  to  consume  a  greater  and  greater 
percentage  of  the  slip-ring  voltage,  as  the  voltage  con- 
sumed in  the  field  windings  of  the  regulating  motor  de- 
creases when  the  flux  and  frequency  decrease  in  approach- 
ing synchronism.)  Condition  2,  Curve  2,  Fig.  5,  is  where 
the  regulating  set  offers  no  opposing  voltage  and  the  volt- 
age A,  is  equal  to  B.  At  this  point  the  conditions  are  prac- 
tically the  same  as  when  operating  the  main  motor  with  the 
slip  rings  short-circuited.  The  circuits  to  the  main  fields  of 
the  regulating  motor  are  completely  opened  so  that  no  volt- 
age is  generated. 

Up  to  this  point  it  is  evident  that,  since  the  rotor  volt- 
age exceeds  the  voltage  of  the  regulating  set,  the  regulat- 
ing machine  has  been  acting  as  a  motor  and  the  induction 
generator,  being  driven  above  synchronism,  has  been  deliver- 
ing power  to  the  line.  It  should  be  noted  that  the  regulat- 
ing motor  has  the  characteristics  of  a  shunt  wound  direct- 
current  motor.  That  is,  its  speed  with  a  given  field  is  pro- 
portional to  the  voltage  applied  to  the  armature.  When 
operating  the  main  motor  below  synchronism  it  is  evident 
that  the  induction  generator  must  be  driven  above  syn- 
chronism in  order  that  the  power  delivered  to  the  regulat- 
ing motor  may  be  absorbed.  It  is  also  evident  that  if  the 
regulating  motor  were  connected  to  main  motor  slip  rings 
without  the  induction  generator  the  speed  of  the  main  mo- 
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tor  would  continually  decreaBe  and  the  qwed  of  the  regulat- 
ing motor  increase;  because,  since  there  would  be  no  ttaiqoe 
to  resist  the  torque  of  the  regulating  motra*,  the  latter  would 
speed  up.  Its  voltage,  opposing  the  rotor  voltage,  would 
therefore  increase,  with  the  result  that  the  secondary  vdt- 
age  of  the  main  motor  would  no  longer  be  suffideat  to  aoid 
through  the  imrpedance  of  the  circuits  sufficient  current  to 
enable  the  motor  to  develop  the  torque  by  the  load,  and  the 
main  motor  speed  woiild  decrease.  The  rotor  voltage  would 
then  become  higher,  causing  tiie  speed  of  the  regulating 
motor  to  still  further  increase.  This  action  would  tend  to 
continue  as  long  as  the  rotor  voltage  could  continue  to  in- 


Referring  further  to  Curve  2,  it  is  seen  that,  in  order 
to  regulate  toward  synchronism  from  condition  2,  it  is  nec- 
essary that  the  voltage  of  the  regulating  machine  be  re- 
versed.    To  arrive  at  condition  3,  the  regulating  machine 
.jst  act  as  a  generator  and  assist  the  rotor  voltage  A  by 
.okage  equal  to  C  to  supply  B.     At  exact  synchronism, 
j.ijiuon  4,  the  rotor  voltage  is  zero  and  the  voltage  of  the 
isgLihting  machine  must  be  large  enough  to  send  through 
the  secondary  circuits  sufficient  current  to  enable  the  motor 
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to  develop  torque  required  by  the  load.  If  voltage  C  is  still 
further  increased  the  main  motor  torque  increases  above 
that  required  by  the  load,  with  the  result  that  the  rotor 
speed  must  increase.  The  rotor  voltage  therefore  begins 
to  develop  in  the  reversed  direction,  so  that  at  condition  5 
the  voltage  C  of  the  regulating  machine  must  be  equal  to 
A  plus  B. 


I- 


SIZE   OF  REGULATING   SET 
The  size  of  the  regulating  equipment  Is  determined  by 
the  amount  of  speed  adjustment  required  above  and  below 
synchronism.     The  secondard  energy  from  the  main  motor 
is  equal  to  the  following: 
SUp 

Xshaft  horse  power 

1  —  Slip 
Figure  6  shows  the  size  of  the  regulating  equipment 
for  any  speed  adjustment  above  or  below  synchronism  where 
the  main  motor  is  called  upon  to  deliver  either  constant 
torque  or  constant  horsepower.  From  an  inspection  of  this 
curve  it  is  evident  that  it  is  desirable  to  have  the  synchron- 
ous speed  of  the  main  motor  midway  between  the  maximum 
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speed  at  which  it  is  required  t 
dition  the  siie  of  the  r^rolatiiig 


a  minimum. 


6/0JLO69 


# 


b*^ 
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Fig.  8.    Main  Motor  1600-2000-240a-li.p.  20  Per  Cent.  Regulation 

Aboye  and  Below  Synchrondam. 


Size  of  Regulating  Set 

Losses  Main  Motor 

Losses  Main  Regulating  Motor 

Losses  Induction  Motor  generator 


120  I1.P. 
44  iLp. 
24  h.p. 

188  iLp. 


400  iLp. 


Total  Loss 
Shaft  H.P.  at  Max.  Speed  2400 

2400 

Efficiency  = =  92.5  per  cent. 

2400+188 

Shaft  H.P.  at  Min.  Speed  1600 

1600 


E  Rci  ncy  -=• 


1600+188 
Shaft  H.P.  at  Average  Speed  2000. 

2000 

Efficiency  = 


==  89.5  per  cent 


2000+ 120 +Approx.  2-3x68 


=  92.5  per  cent. 


EFFICIENCY  AND  POWER  FACTOR 

Fig.  7  shows  typical  overall  efficiency  and  power  factor 
curves  for  an  induction  motor  with  regulating  equipment. 
The  illustration  also  shows  the  efficiency  and  power-factor 
curves  for  the  main  motor  when  operating  without  the  re- 
gulating set,  that  is,  with  short  circuited  stop  rings.  The 
efficiency  values  under  this  condition  are  of  course  higher 
because  of  there  being  no  regulating  set  losses.    The  pow- 
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er-f actor  values  are  lower  because  the  power-factor  correc- 
tion obtained  from  the  regulating  set  is  no  longer  avail- 
able. Fig  8  shows  a  diagrammatic  arrangement  of  connec- 
tions with  approximate  distribution  of  losses  and  calcula- 
tions of  overall  efficiency  for  various  assumed  conditions. 
The  speed  of  the  main  motor  is  assumed  to  be  regulated 
from  20  per  cent,  below  synchronism  to  20  per  cent,  above 
synchronism  with  constant  load  torque.  The  power  trans- 
mitted by  the  regulating  set,  which  is  determined  by  the 
percentage  regulation  below  or  above  synchronism,  is  ap- 
proximately equal  to, 

SUp  20 

X  shaft  horsepower  or X1600=  400 

1— SUp  80 

20 
horse  power,  or,  above  synchronism, X2400=400  horse- 
power.                                               120 

When  operating  at  the  intermediate  speed  it  has  been 
assumed  that  the  losses  in  the  set  would  be  approximately 
2-3  of  the  losses  at  maximum  or  minimum  speed,  as  the  set 
is  then  not  handling  as  much  power  as  at  other  speeds. 

CONTROL 

Magnetic  control  is  usually  provided  for  induction  mo- 
tors with  speed  regulating  sets,  and  is  especially  desirable 
on  account  of  the  ease  with  which  the  proper  interlocking 
of  the  various  circuits  may  be  accomplished. 

The  control  is  so  designed  that  the  following  sequence 
of  operations  must  be  observed  when  starting  the  main  mo- 
tor from  rest,  assuming  that  it  is  desired  to  operate  with  the 
regulating  set: 

1.  The  master  controller  which  governs  the  opera- 
tion of  the  contactors  controlling  the  main  motor  must 
be  in  the  off  position. 

2.  The  speed  regulating  rheostat  must  be  placed  in 
the  starting  position.  (The  position  corresponds  to  the 
setting  at  which  the  regulating  machine  generates  no 
voltage.) 

3.  The  regulating  set  must  be  started  from  an  ordin- 


In  case  it  is  desired  to  "plus:"  the  main  motor  to  stop 
it  quickly,  additional  secondary  resistance  is  provided  to 
limit  the  current. 

The  resrulatinsr  set  is  automatically  disconnected  from 
the  main  motor  when  the  master  controller  is  thrown  to  thi 
reverse  position. 

ADVANTAGES  OF  DOUBLE  RANGE  REGULATION 
Double  range  speed  regulating  equipments  (that  is, 
those  that  permit  operation  of  the  main  motor  above  and 
below  synchronism)  evidently  possess  several  important  ad- 
vantages from  an  operating  point  of  view.  The  following 
may  be  noted: 

Flexibility :  The  double  range  system  permits  the  oper- 
ation of  the  main  motor  non-regulating  at  an  average  speed 
with  maximum  efficiency,  (With  single  range  systems  pro- 
viding speed  reduction  only,  the  main  motor,  without  the 
regulating  equipment,  operates  at  maximum  speed.) 

Maintenance:  The  double  range  auxiliary  set  may  be 
idle  while  rolling  at  the  non-regulating  speed,  thus  minimiz- 
ing wear  and  upkeep. 
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Production:  In  event  of  trouble  with  the  regulating 
set,  the  main  motor  operating  at  an  average  speed  will  per- 
mit rolling  a  wider  variety  of  sections  than  will  a  single 
range  system  operating  under  similar  conditions.  Sections 
for  which  higher  speeds  are  desirable  can  nearly  always  be 
rolled  in  emergency  at  the  average  speed  with  reduced  ton- 
nage, while  if  trouble  develops  with  a  single  range  set,  many 
low  speed  sections  cannot  be  rolled  at  synchronous  speed. 

Running  Points:  A  great  number  of  running  points 
up  to  100  or  more  can  easily  be  obtained. 

Power-factor :  Improvement  of  the  power-factor  of  the 
main  motor  is  easily  obtained. 

Asynchronous  Apparatus:  Since  no  synchronous  ma- 
chines are  used  there  is  no  tendency  for  the  regulating 
equipment  to  fall  out  of  step  under  sudden  loads. 


DISCUSSION 


G.  E.  Stoltz :  Mr.  Wright's  paper  is  most  welcome  and 
appropriate  before  an  Association  of  this  kind,  particularly 
in  view  of  the  fact  that  the  equipment  which  is  described 
is  comparatively  new  and  the  demand  for  adjustable-speed 
motors  on  rolling  mills  is  increasing.  The  advantages  are 
better  understood  now  as  the  equipments  which  are  in  oper- 
ation have  shown  that  the  extra  expenditure  is  justified  by 
the  increased  production  and  the  greater  scope  of  material 
which  can  be  obtained  from  one  mill. 

Ordinarily  the  a-c.  adjustable-speed  equipments  are  in- 
stalled on  mills  rolling  a  diversity  of  products  where  it  is 
necessary  to  operate  at  a  slow  speed  for  the  large  finished 
material,  and  in  order  to  obtain  the  maximum  output  the 
mill  must  be  speeded  up  when  rolling  small  sections.  The 
equipment  may  operate  at  some  particular  speed  several 
hours,  or  for  a  day  or  two  before  any  change  is  made.  This 
applies  particularly  to  something  of  the  merchant  or  bar 
mill  type,  however,  on  rod  mills  which  are  generally  driven 
by  a  separate  motor  on  each  train  it  is  necessary  to  ad- 
just the  speed  of  the  motors  while  rolling  in  order  to  main- 
tain approximately  the  same  length  loop  between  trains. 
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An  equipment  which  is  not  sensitive  to  quick  changes  of 
speed  is  required  on  this  type  of  application. 

A  still  different  requirement  is  being  met  by  the  in- 
stallation of  the  drive  on  the  3-high  structural  mill  at  the 
Inland  Steel  C!ompany.  It  consists  of  a  d-c  motor  which 
obtains  its  power  from  a  fly-wheel  M-G.  set.  Hie  ^[>paratu8 
is  practically  a  reversing  equipment  and  can  be  ueed  as  aoch, 
but  normally  the  motor  runs  in  one  direction.  This  mill 
will  roll  structural  shapes  and  it  is  intended  to  enter  the 
metal  at  a  comparatively  slow  speed  and  then  immediately 
speed  up,  reducing  the  time  to  make  the  long  passes.  This 
type  of  drive  will  respond  to  speed  changes  much  more 
rapidly  than  the  a-c  adjustable-speed  equipments,  and  en- 
ables them  to  obtain  a  greater  tonnage  than  would  be  pos- 
sible if  the  mills  were  run  at  constant  speed  or  by  an  ad- 
justable a-c.  motor  equipment  Objection  often  is  made 
to  the  increased  cost  of  an  adjustable-speed  equipment  but 
in  many  cases  the  added  flexibility  of  the  mill  permits  such 
an  increase  of  production  that  the  first  cost  of  the  equip- 
ment is  of  little  importance. 

Among  some  of  the  first  installations  made  where  the 
mill  required  more  than  one  speed,  Cascade  motors  or  mul- 
tiple-speed motors  were  installed.  These  equipments  are 
limited  to  few  speeds  which  in  most  oases  were  adequate. 
Their  main  limitation  is  due  to  the  fact  that  practically 
each  equipment  required  special  design,  which  seldom  could 
be  duplicated  in  other  installations.  The  present  systems 
as  offered  by  the  manufacturers  permits  the  use  of  a  com- 
bination of  apparatus  which  can  be  standardized. 

Each  of  the  various  schemes  can  either  be  apphed  giv- 
ing constant  torque  or  constant  horsepower.  This  ques- 
tion should  always  be  given  consideration  as  each  scheme 
has  its  best  field.  In  a  great  many  cases  the  mill  will  roll 
large  material  at  the  lower  speeds,  and  smaller  sizes  at 
higher  sf>eeds.  When  rolling  the  large  cross-sections  it  is 
customary  to  take  heavier  drafts  which  naturally  require  in- 
creased torques.  This  type  of  application,  of  course,  would 
be  favorable  for  a  constant  horsepower  output.  On  other 
mills  the  same  size  billets  are  used  in  the  roughing  stand, 
the  finishing  train  simply  making  fewer  passes  to  obtain  a 
product  of  larger  cross-section.     Such  a  mill  would  not  re- 
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quire  increased  torque  at  the  slow  speed.  Quite  a  number 
of  the  adjustable-speed  mills  are  provided  with  fly-wheels 
to  equalize  the  intermittent  load.  The  fly-wheel  effect 
varies  inversly  as  the  square  of  the  speed  so  that  the  motor 
is  not  so  well  protected  by  the  fly-wheel  at  slower  speeds, 
and  is  required  to  take  higher  peak  loads.  This  condition 
can  better  be  met  by  installing  a  constant  horsepower 
equipment. 

The  operating  performance  of  the  several  schemes  is 
practically  the  same,  as  the  power  factor  of  the  main  mo- 
tor can  be  corrected  in  all  of  the  systems  offered.  The  over- 
all efficiency  of  the  constant  horsepower  method  of  drive 
is  usually  better  than  that  of  the  constant  torque  scheme 
as  all  of  the  energy  of  the  former  is  utilized  as  mechanical 
power  with  the  exception  of  the  small  losses  in  each  ma- 
chine. The  constant  torque  system  requires  that  a  certain 
amount  of  energy  be  circulated  through  the  equipment 
which  is  not  utilized  as  mechanical  power.  This  might  be 
compared  to  the  losses  incurred  by  wattless  KVA  in  an  a-c. 
machine.  If  the  equipment  is  to  operate  25%  below  syn- 
chronous-speed, 75%  of  the  input  to  the  main  motor  will  be 
given  up  to  the  mill  as  mechanical  power,  the  other  25% 
(losses  neglected)  will  be  circulated  through  the  auxiliary 
equipment  and  returned  to  the  main  power  circuit.  If  a 
constant  horsepower  scheme  were  used  the  main  motor 
would  only  be  required  to  take  75%  of  the  energy  required 
by  the  constant  torque  scheme  as  all  of  its  energy  is  utiliz- 
ed as  mechanical  power,  the  circulation  of  the  slip  energy 
being  avoided. 

The  Westinghouse  Company  has  not  advocated  any  one 
system,  but  has  found  that  the  individual  application  may 
require  any  one  of  several  schemes,  each  having  its  own 
characteristics  which  may  or  may  not  prove  to  be  advantage- 
ous, depending  upon  the  particular  application.  Ordinarily 
the  Ilgner  system  is  too  expensive,  but  the  ease  with  which 
it  responds  to  rapid  changes  of  speed  warrants  its  use  on  a 
mill  similar  to  the  structural  mill  for  the  Inland  Steel  Co. 
A  two-speed  motor  has  rather  narrow  limitations,  but  if  a 
previous  design  can  be  used  or  a  two-to-one  speed  motor 
utilized  a  very  attractive  proposition  can  be  offered.  Often 
a  wide  speed  range  is  desired  which  would  justify  the  use 
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of  direct-current  motors  for  the  main  drives  with  rotary 
converter  or  motor-generator  sets  to  transform  the  alternat- 
ing-current to  direct-current. 

For  moderate  speed  ranges  we  have  to  offer  either  the 
rotary  converter,  or  the  frequency  changer  scheme  of  speed 
adjustment.  The  rotary  converter  scheme  employs  appa- 
ratus which  has  had  years  of  development,  is  absolutely 
stable  under  the  varying  load  conditions  met  with  in  steel* 
mill  practice,  is  efficient,  and  insures  continuity  of  service 
as  each  machine  is  so  common  that  both  the  rotary  and  d-c 
motor  or  motor-generator  set  are  thoroughly  understood 
by  the  mill  operators.  Hand  control  can  be  used  or  a  master 
switch  placed  in  the  mill  so  that  one  of  the  mill  men  has  full 
control  of  the  equipment. 

As  far  as  operation  is  concerned  it  can  be  used  equally 
as  well  on  a  60  or  25-cycle  application.  Assume  that  it  is  de- 
sired to  operate  a  60-cycIe  motor  30%  from  ssmchronous, 
30%  of  60  cycles  is  18  cycles,  which  would  be  the  frequency 
of  the  secondary  circuit  of  the  main  motor.  A  standard  26- 
cycle  rotary  is  easily  adapted  to  such  an  equipment.  If  the 
same  reduction  is  desired  on  a  25-cycle  application,  the 
secondary  frequency  will  be  7.5  cycles.  Again  a  25-cycle 
rotary  is  selected  which  would  be  operated  at  7.5  cycles  or 
at  30^^  of  its  normal  speed  which  naturally  reduces  its 
capacity.  This  makes  it  necessary  to  select  a  comparatively 
heavy  machine. 

The  frequency  changer  scheme  utilizes  a  frequency  con- 
verter which  returns  energy  to  the  power  circuits  by  mean& 
of  transformers.  The  appearance  and  construction  of  the 
frequency  converter  resembles  that  of  a  rotary  converter 
in  that  the  rotor  carries  the  commutator  at  one  end,  and  slip 
rings  at  the  opposite  end.  The  commutator  end  is  connect- 
ed to  the  secondary  circuit  of  the  main  motor,  and  the  slip 
ring  end  to  the  step  up  transformers  which  return  the  slip 
energy  to  the  power  circuit.  There  is  but  one  winding  oTi 
the  frequency  converter  that  being  the  rotor  winding  which 
IS  similar  to  the  rotary  converter  winding.  The  stationary 
part  consists  of  a  laminated  steel  ring  with  no  winding. 
The  only  purpose  of  this  iron  is  to  carry  the  magnetization 
set  up  by  the  rotor. 
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The  frequency  converter  develops  no  torque,  and  as 
there  is  but  one  winding  there  is  no  tendency  to  distort  the 
field  common  to  machines  having  more  than  one  winding. 
Ordinarily  the  commutating  apparatus  requires  very  accur- 
ate bru'sh  setting,  but  on  these  machines  the  brushes  are 
placed  on  the  commutator  with  no  particular  reference  to 
the  stator,  it  only  being  necessary  to  have  approximately 
the  correct  spacing  between  the  brush-holders. 

Since  the  frequency  changer  develops  no  torque,  a 
driving  motor  is  supplied  which  simply  overcomes  the  bear- 
ing friction  and  windage  of  the  converter.  The  character 
of  the  load  on  the  mill  does  not  modify  the  requirements  of 
this  machine. 

The  stationary  transformer  is  one  of  the  most  reliable 
pieces  of  electrical  apparatus  built  which  adds  little  hazard 
to  interruption  of  the  mill.  The  losses  in  this  auxiliary 
apparatus  is  unusually  low  as  the  efficiency  of  both  the  fre- 
quency converter  and  trensformer  is  comparatively  high. 
The  average  loss  in  a  six-phase  rotary  converter  winding  is 
26%  of  the  same  machine  carrying  the  same  current  as  a 
direct-current  generator,  while  this  armature  used  as  a  fre- 
quency changer  has  a  loss  of  18%  of  the  direct-current  ma- 
chine. One  hundred  per  cent,  power  factor  can  be  obtained 
on  the  equipment  without  any  noticeable  change  in  its 
stability  or  commutation. 

The  equipment  is  as  simple  as  can  be  imagined  as  few 
windings  are  involved,  and  in  every  case  repair-work  can 
be  carried  out  with  ease.  The  system  requires  no  corrective 
apparatus  such  as  commutating  poles  or  neutralizing  wind- 
ings to  make  the  apparatus  operative.  For  this  reason  it 
is  absolutely  stable  under  the  varying  load  conditions  found 
in  steel  mill  service,  and  is  not  sluggish  in  responding  to 
adjustments  made  to  obtain  a  variation  in  speed.  Its  opera- 
tion can  be  controlled  from  the  mill,  and  its  reliability  is 
such  that  a  rolling  mill  man  not  familiar  with  electrical  ap- 
paratus can  operate  it  from  some  suitable  point  in  the  mill 
proper.  Even  the  rotary  converter  with  its  field  coils  de- 
signed to  carry  a  comparatively  small  current  and  the  con- 
struction and  arrangement  such  that  the  field  can  easily  be 
removed  in  case  of  repairs,  cannot  claim  simplicity  of  the 
frequency  converter,  the  stationary   of   which   is   nothing 
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more  than  a  bare  ring  of  iron.  As  far  as  this  part  of  the 
machine  is  concerned  the  chances  of  failure  are  practically 
nil. 

F.  B.  Crofidby:  This  subject  of  adjustable-speed  control 
for  large  induction  motors  is  one  of  great  personal  interest 
to  me.  The  system  which  Mr.  Wright  has  so  clearly  describ- 
ed this  evening  is  the  latest  result  of  nearly  seven  years  of 
continuous  effort  on  the  part  of  our  designing  engineers, 
plus  the  previously  accumulated  experience  of  the  Brown- 
Boveri  Co.  in  building  and  operating  some  thirty  or  more  of 
these  equipments  before  we  began  a  systematic  investiga- 
tion of  the  relative  merits  of  the  several  systems  proposed 
for  adjustable-speed  control. 

Realizing  the  need  in  the  steel  mill  for  a  system  of 
main  roll  speed  control  which  would  assure  a  wide  range  of 
operating  speeds,  each  constant  under  varying  load,  we  be- 
gan seriously  to  investigate  the  possibilities  of  the  most  pro- 
mising systems  in  1910,  namely  the  so  called : 

1st — ^Heyland  Frequency  Changer. 
2nd — Kraemer  Rotary  Converter. 
3rd — Scherbius  Commutator  Machine. 

The  first  possibility  was  quickly  discarded  because  of 
inherent  objections,  difficult  if  not  impossible  to  overcome, 
such  as  complexity  of  control,  instability,  lack  of  flexibility 
and  poor  commutation  characteristics  due  to  the  inevitable 
distortion  of  the  alternating  wave  form. 

The  second  system,  while  also  presenting  certain  ob- 
jections, such  as  instabiUty  of  operation  at  low  secondary 
frequencies  near  synchronism,  and  the  usual  objections  as- 
sociated with  synchronous  apparatus  in  steel  mills,  none  the 
less  appeared  to  be  the  best  solution  offered  at  the  time, 
for  sixty-cycle  systems  requiring  a  range  of  30%  or  more 
speed  regulation. 

The  first  bona  fide  proposition  involving  dynamic  speed 
adjustment  of  large  induction  motors  made  in  this  country 
so  far  as  I  can  ascertain,  I  had  the  pleasure  of  preparing  in 
the  fall  of  1912.  This  proposition  involved  the  use  of  a 
rotary  converter  in  the  secondary  circuit  of  the  6500-h.p., 
107  r.p.m.  60"  universal  plate  mill  motor  at  Gary,  and  was 
arranged  to  give  continuous  speed  control  from  50  to  86 
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r.p.m.,  the  operation  under  overloads  at  speeds  nearer  syn- 
chronism being  doubtful. 

Even  in  1910  the  operating  characteristics  of  the  third 
system  using  the  Scherbius  commutator  machine  appeared 
to  be  far  the  best  for  practically  all  25-cycle  motors  and 
for  60-cycle  motors  requiring  25  to  30%  speed  regulation  or 
less.  We  built  an  experimental  machine  in  1910-1911 
very  similar  to  the  Scherbius  machine  but  requiring  the  use 
of  a  six-phase  secondary  in  the  induction  motor.  The  re- 
sults obtained  were  so  satisfactory  that  we  finally  acquired 
the  Scherbius  patents  permitting  the  use  of  three-phase 
secondary  winding  in  the  main  mjtor  and  complete  com- 
pensation in  the  commutator  machine.  At  the  same  time 
we  acquired  the  services  of  Dr.  Meyer  Delius,  formerly  Dr. 
Scherbius'  assistant,  who  as  mentioned  before,  had  already 
designed  and  put  into  operation  about  thirty  of  these  sets, 
so  that  it  is  little  wonder  that  the  first  as  well  as  all  suc- 
ceeding sets  built  by  the  General  Electric  Co.,  have  given 
successful  operation  from  the  start. 

It  is  of  interest  to  note,  however,  that  for  wide  ranges 
of  control  on  60  cycle  systems,  we  continued  to  recommend 
the  so-called  Kraemer  system.  The  first  system  of  this 
character  designed  for  the  service  in  this  country  was  built 
by  the  General  Electric  Co.  and  installed  by  the  Union  Roll- 
ing Mills  Co.,  of  Cleveland.  This  drive  included  a  constant 
torque  induction  motor,  1400-950  h.p.  at  600-405  r.p.m.,  with 
a  direct  connected  auxiliary  d-c.  motor  0-450  h.p.,  600-405 
r.p.m.  and  a  325-kw.  rotary,  thus  permitting  the  operation 
as  a  unit  at  constant  horsepower  (1400  h.p.)  throughout 
the  speed  range  guaranteed. 

We  were  now  in  a  position  to  meet  all  practical  adjust- 
able-speed requirements;  since,  however,  the  speed  torque 
characteristics  of  an  induction  motor  are  practically  the 
same  above  and  below  synchronism,  there  appeared  to  be 
no  reason  why  we  could  not  operate  the  motor  equally  well 
above  and  below  its  synchronous  speed,  thereby  reducing 
the  capacity  of  the  auxiliary  devices  for  a  given  speed  range, 
increasing  the  overall  efficiency  and  incidentally  obtaining 
a  sufficient  range  of  speeds  with  the  commutator  motor  to 
meet  all  practical  requirements  of  both  25  and  60  cycle  sys- 
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this  subject  to  the  Association.  I  think  his  paper  is  one 
that  might  be  used  as  a  model  in  the  clear  way  he  has  pre- 
sented a  complex  problem. 

The  whole  subject  of  variable  speed  of  induction  motors 
is  somewhat  complex.  Many  schemes  have  been  prc^osed. 
The  use  of  the  rotary  converter  is  a  fairly  obvious  way  of 
obtaining  results,  and  it  is  not  at  all  new ;  but  it  was  a  good 
many  years  before  it  was  thought  the  advantages  to  be  ob- 
tained by  regulating  the  speed  of  induction  motors  driving 
rolling  mills  would  warrant  the  extra  expense. 

I  believe  the  first  installation  in  this  country  was  put 
in  at  Canton.  There  it  was  hardly  given  a  good  chance ;  it 
was  added  to  equipment  not  designed  for  such  regulating 
arrangement,  but  it  has  been  working  very  satisfactorily 
for  a  number  of  years.  It  is  very  interesting  and  instruc- 
tive to  see  the  Scherbius  system,  which  originated  in  Europe, 
modified  and  the  bad  points  eliminated  in  the  scheme  gotten 
up  by  the  General  Electric  Company.  There  is  still  a  field 
for  a  rotary  converter  scheme  when  used  with  an  induction 
motor  and  d-c.  motor  on  the  same  shaft.  As  a  character- 
istic of  such  equipment  is  constant  horsepower,  there  are 
many  kinds  of  mills  on  which  constant-horsepower  equip- 
ment is  more  suitable  than  the  constant-torque  arrange- 
ments, and  in  order  to  take  care  of  these  mills  with  an  ar- 
rangement with  constant-torque,  the  main  induction  motor 
and  regulating  equipment  must  be  made  correspondingly 
larger. 

In  connection  with  installation  for  a  mill  with  wide 
speed  range,  it  is  rather  a  special  application,  no  regulating 
equipment,  Scherbius,  rotary  converter,  or  any  of  these 
schemes  would  be  satisfactory.  The  question  of  efficiency 
was  not  the  controlling  feature,  as  it  was  necessary  to  run 
the  mill  at  low  speed,  possibly  50  to  60  revolutions  to  enter 
the  first  blank,  where  after  the  blank  had  been  more  or  less 
reduced,  it  could  enter  at  higher  speed,  and  the  mill  speed 
will  vary  from  50  to  120  revolutions.  That  field  could  be 
met  by  any  of  the  other  regulating  systems,  and  where  ex- 
tra losses  in  the  equipment  really  did  not  matter.  Of  course, 
equipment  is  much  more  excessive  than  any  regulating  ar- 
rangement which  has  been  described. 
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possible  the  operation  of  induction  motors   as   adjustable- 
speed  machines. 

Without  digressing  too  far  into  small  details,  Mr. 
Crosby  mentioned  the  matter  of  transformer  taps  in  Mr. 
Stoltz'  diagram.  These  taps  could  be  reduced  to  a  mini- 
mum by  the  use  of  a  suitable  voltage  regulator  since  their 
function  is  to  adjust  the  voltage  applied  to  the  frequency 
changer  to  correspond  to  the  speed  at  which  it  is  desired 
to  run  the  main  induction  motor. 

With  Mr.  Sykes  I  should  like  to  congratulate  Mr. 
Wright  on  a  very  clear  presentation  in  simple  language  of 
a  very  complicated  set  of  technical  phenomena. 

E.  Friedlaender :  Is  this  regulating  set  taking  sufficient 
care  of  the  fly-wheel  effect  some  of  our  mills  may  require — 
i.  e.,  can  we  get  10  to  15  per  cent,  slip  for  short,  heavy  peaks 
and  how  does  it  affect  the  torque,  especially  when  running 
above  synchronism? 

J.  D.  Wright:  Answering  Mr.  Friedlaender's  question 
regarding  fly-wheel  effect  I  wish  to  say  that  the  speed  regul- 
ation of  the  equipment  which  I  have  described  is  just  slight- 
ly more  than  that  of  an  ordinary  induction  motor,  unless 
some  special  provision  is  made  to  obtain  increased  slip.  The 
only  reason  that  the  main  motor  has  a  greater  slip  under 
load  with  the  regulating  equipment  than  without  is  because 
of  the  slightly  increased  resistance  in  the  secondary  circuit 
of  the  motor.  The  main  motor  without  regulating  set 
might  have  a  slip  of  3% ;  with  the  regulating  equipment  the 
slip  might  be  4  or  414%.  Provision  can  be  made  for  a 
greater  slip  than  this  if  desired.  Ordinarily  the  regulating 
equipments  are  supplied  with  main  motors  which  drive  con- 
tinuous mills  where  there  are  no  short  heavy  peaks  and 
where  the  fly-wheel  effect  need  not  be  great. 

O.  Schaumberg:  I  would  kindly  ask  Mr.  Wright  to  ex- 
plain to  me  how  the  slip  of  the  induction  motor  is  affected 
when  operating  below  or  above  synchronism. 

In  other  words,  say  we  have  a  500  h.p.,  18-pole,  60-cycle 
3-phase  induction  motor  and  let  us  assume  the  motor  is  de- 
signed to  operate  at  a  full-load  speed  of  approximately  390 
r.p.m.  base  speed  without  secondary  resistance  or  the  auxili- 
ary equipment  in. 
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A  direct-current    shunt-wound    motor    with    constant 
voltage  impressed  mi  both  its  field  and  armature  will  fall 


Fig.  1 

off  very  little  in  speed  when  the  load  is  increased  from  no- 
load  to  full-load. 

There  are  two  factors  which  help  to  hold  up  the  speed: 
one  is  the  increased  lesistance  of  the  field  winding  due  to 
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across  the  line.  The  desigrner  of  adjustable-speed  motors 
puts  this  point  just  below  the  knee  of  the  saturation  curve, 
as  shown  on  Fi^re  1.  To  obtain  a  greater  field  strength 
and  consequent  lower  speed  would  require  a  much  greater 
proportionate  number  of  ampere-turns  on  the  field  poles 
than  an  equal  change  of  field  strength  at  some  point  back 
of  the  knee  of  the  curve. 

The  location  of  the  knee  of  the  curve  is  determined  by 
the  permeability  of  the  iron  used  in  the  magnetic  circuit. 
Therefore,  we  find  in  adjustable-speed  motors  cast  or  rolled 
steel  frames  instead  of  cast  iron  and  in  some  extreme  cases 
soft  sheet-steel  is  used. 

As  a  general  proposition  the  efiiciency  of  an  adjustable- 
speed  motor  increases  with  the  load  and  with  the  speed. 

Figure  2  shows  the  efficiency  curves  of  a  typical  d-c. 
motor  rated  at  15  h.p.,  220  volts,  300  to  1200  r.p.m.  It  will 
be  noted  that  the  300  and  1200  r.p.m.  curves  get  closer  and 
closer  together  with  increase  of  load;  this  is  due  to  the 
l^R  losses  becoming  the  greater  factor  in  the  total  losses 
as  compared  to  the  so-called  constant  losses. 

The  torque  of  a  shunt-wound  motor  is  the  product  of 
its  field  strength  and  armature  current.  Therefore,  as  we 
weaken  the  field  to  obtain  high  speeds  the  torque  falls  off 
in  the  same  ratio  that  the  field  is  weakened  and  the  speed 
rises. 

The  characteristics  of  the  polyphase  induction  motor 
are  similar  in  a  great  many  ways  to  the  d-c.  shunt-wound 
motor;  its  speed  falls  off  from  no-load  to  full-load  just  as 
in  the  shunt-wound  motor. 

This  drop  in  speed,  known  as  the  "slip",  is  necessary  in 
order  that  voltage  may  be  generated  in  the  rotor  and  this 
voltage  is  proportional  to  the  slip.  The  resistance  of  the 
rotor  circuits  determine  the  current  with  a  given  slip  and 
the  currents  in  the  rotor  enable  it  to  exert  torque. 

With  a  given  motor,  as  the  load  increases  the  slip  in- 
creases and  the  necessary  rotor  currents  are  therefore  pro- 
duced. 

This  action  continues  until  greater  slip  does  not  pro- 
duce greater  rotor  current  and  therefore  no  greater  torque 
and  the  motor  stalls. 
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Ordinarily,  induction  motors  are  desigrned  to  have  from 
250%  to  300%  full  load  torque  as  the  stalling  torque,  and 
with  minimum  motor  resistance,  that  is,  short-circuited 
rings,  the  stalling  torque  is  at  about  80%  speed  or  20% 
slip. 

The  efficiency  of  the  induction  motor  is  almost  directly 
proportional  to  the  per  cent  of  synchronous  speed  at  which 
it  is  running.  This  is  easily  explained  because  the  torque 
is  dependent  on  the  stator  flux,  which  is  approximately  con- 
stant, and  the  rotor  current.  The  greater  the  voltage  re- 
quired in  the  rotor  to  produce  the  necessary  current,  the 
greater  the  losses  in  the  rotor,  and  we  have  seen  that  the 
greater  the  slip  the  greater  the  voltage  in  the  rotor. 

This  falling  off  in  efficiency  in  decrease  of  speed  also 
limits  the  capacity  of  the  motor,  that  is  a  10  h.p.  motor  so 
rated  with  short-circuited  rotor  is  only  good  for  about  5  h.p. 
with  sufficient  resistance  in  the  rotor  to  give  one-half  speed. 

Further  objection  to  this  method  of  adjusting  the  speed 
of  an  induction  motor  is  that  the  speed  for  a  given  rotor 
resistance  varies  with  the  load.  This  can  be  seen  on  any 
of  the  three  curves  in  Figure  3. 

The  heavier  the  load  the  greater  the  sUp.  If  the  load 
is  of  a  shifting  nature  the  speed  will  also  shift.  The  change 
in  speed  with  change  in  load  is,  however,  dependent  on  the 
rotor  resistance,  that  is,  the  higher  the  rotor  resistance  the 
greater  the  change.  This  can  also  be  noted  in  Figure  3, 
by  comparing  the  right  hand  curve  of  low  to  the  left  hand 
curve  of  a  high  resistance  rotor. 

In  this  respect  we  can  say  that  an  induction  motor  with 
a  low  resistance  rotor  has  characteristics  very  much  like 
the  shunt-wound  d-c.  motor,  while  one  with  a  high  resist- 
ance rotor  is  more  like  a  heavily  compounded  or  series- 
wound  d-c.  motor. 

In  trying  to  classify  the  work  for  d-c.  shunt-wound  mo- 
tor and  phase-wound  induction  motors,  we  shall  not  attempt 
to  point  out  all  the  different  kinds  of  machines  and  other 
applications  on  which  they  may  be  used,  but  rather  to  give 
a  few  typical  examples  and  show  why  one  is  more  suited 
than  the  other. 

We  also  want  to  point  out  the  fact  that  in  some  cases 
other  factors,  than  the  choice  of  motors  according  to  their 
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A  large  portion  of  the  time  full  draught  is  wanted,  but 
there  are  times  when  three-quarter  or  half-draught  is 
wanted. 

A  d-c.  motor  will  undoubtedly  do  the  work  very  satis- 
factorily, but  in  some  cases  d-c.  current  supply  is  limited, 
due  to  limitations  in  substation  capacity  or  other  causes. 
The  question  then  arises  as  to  whether  additional  substa- 
tion apparatus  shall  be  installed  or  can  slip-ring  a-c.  motors 
be  used. 


i 

Pig.  4 

The  following  is  a  general  analysis  of  the  problem : 

The  d-c.  motor  has  an  efficiency  at  full-load  high  speed 
of  about  90%. 

The  same  motor  has  an  efficiency  at  one-half  volume 
and  one-quarter  pressure  of  fan,  one-half  speed  of  motor 
and  one-quarter  load  on  motor,  of  about  73%. 

The  efficiency  of  a  motor-generator  set  will  average  80% 
or  a  total  efficiency  of  72%  at  full-speed,  full-load  of  motor 
and  fan,  and  58.4%  at  one-quarter  load,  one-half  speed. 
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First — Reliability. 

The  d-c.  motor  is  a  very  reliable  machine,  its  most  vul- 
nerable point  being  the  commutator. 

Against  the  commutator  of  the  d-c.  motor,  we  can  bal- 
ance both  the  bearings  and  slip  rings  of  the  a-c.  motor,  as 
both  together  will  give  in  most  cases  less  trouble  than  the 
conmiutator  of  the  d-c.  motor.  For  dirty  conditions  coupl- 
ed with  high  temperatures,  the  a-c.  motor  will  stand  up  best. 

So  far  as  starting  apparatus  affect  the  operation  of  the 
motors,  the  points  are  about  balanced. 

Second — Flexibility. 

There  is  no  question  but  that  the  d-c.  motor  will  lend^ 
itself  to  a  wider  range  of  speed  than  the  slip  ring  a-c.  motor ; 
a  speed  range  of  6  to  1  is  feasible  with  the  d-c.  motor,  while 
2  to  1  is  the  Umit  with  a  standard  slip-ring  motor. 

Further,  the  speed  regulation  of  the  d-c.  motor  is  good, 
while  the  slip-ring  motor  running  at  reduced  speeds  has 
very  poor  regulation. 

Third — First  Cost  and  Floor  Space. 

In  floor  space  the  d-c.  motor  has  a  slight  advantage. 

In  first  cost  the  a-c.  motor  has  some  advantages,  al- 
though not  very  great  when  the  motor  alone  is  considered ; 
but  when  the  cost  of  transforming  apparatus  is  included, 
the  a-c.  motor  has  a  very  marked  advantage. 

CONCLUSIONS 

First:  That  on  account  of  the  poor  speed  regulation 
and  limited  speed  range  of  the  a-c.  motor,  d-c.  motors  should 
be  used  for  machine  tools  and  other  applications  where  these 
qualifications  are  of  prime  importance. 

Second:  That  adjustable-speed  drives  of  all  kinds  re- 
quiring a  large  percentage  of  oiperation  on  low  speed  should 
be  d-c. 

Third:  That  drives  requiring  a  maximum  speed  re- 
duction of  50%  below  full-speed  and  that  have  a  falling 
power  curve  with  reduced  speed  and  approximately  constant 
load  except  upon  change  of  speed,  can  be  satisfactorily 
handled  with  a  sUp  ring  motor  and  economically  handled  if 
the  load  factor  is  fairly  high.    These  conditions  are  met 
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then  increase  it  as  the  operators  become  more  expert,  but 
finally  they  get  to  the  speed  they  want  and  the  variable- 
speed  motor  can  be  replaced  with  a  constant-«peed  motor. 
It  is  a  good  plan  to  make  an  investigation  once  in  awhile 
and  see  how  many  of  your  variable-speed  motors  are  being 
used  as  such.  Sometimes  I  have  had  the  field  rheostats 
"doctored"  in  such  a  manner  that  the  resistance  cannot  be 
varied,  and  if  this  brings  no  kicks  I  change  that  motor  and 
put  in  an  a-c.  motor,  being  careful  to  preserve  the  same 
speed  on  the  machine.     This  policy  keeps  down  the  d-c  load. 

The  question  of  whether  or  not  an  exhaust  fan  requir- 
es a  variable-speed  motor,  depends  upon  the  amount  of 
variation  in  the  draft  which  will  be  required.  The  simplest 
way  is  to  use  a  constant-speed  motor  and  put  a  damper  in 
the  line,  and  in  some  cases  this  will  work  out  as  cheap  as  to 
use  a  variable-speed  motor.  A  slip-ring  motor  can  be  used 
as  pointed  out  by  Mr.  Petty,  but  there  is  little  to  choose  from, 
when  it  comes  to  maintenance  between  an  a-c.  slip-ring  mo- 
tor and  a  d-c.  motor,  especially  in  the  smaller  sizes  and  the 
losses  will  work  out  about  the  same  as  to  use  a  damper, 
while  with  a  d-c.  motor  the  conversion  loss  is  always  with 
you  and  may  prove  to  be  higher  than  the  other  methods. 

To  my  mind  the  use  of  the  slip-ring  motor  is  confined 
mostly  to  the  larger  sizes,  where  the  poor  starting  char- 
acteristics of  the  squirrel-cage  motor  renders  its  use  not  ad- 
visable, or  where  it  is  desirable  to  secure  a  slight  reduction 
of  speed,  so  as  to  take  advantage  of  the  stored  energy  of  a 
fly-wheel.  It  is  sometimes  possible  to  construct  a  squirrel- 
cage  motor  for  similar  purposes  without  impairing  the  net 
efficiency  of  the  installation. 

Some  years  ago  I  installed  in  our  bridge  department  a 
number  of  three-ton  traveling  jib  cranes — ^we  call  them  wall 
cranes — for  the  purpose  of  handling  the  air  riveters,  the 
scheme  being  to  move  the  riveters  along  the  work  from  rivet 
to  rivet.  We  had  previous  to  this  used  a  number  of  simil- 
arly constructed  d-c.  cranes,  but  as  this  was  before  the  de- 
velopment of  the  solenoid  controller,  we  experienced  great 
expense  and  frequent  delays,  due  to  the  failure  of  the  con- 
trollers which  were  operated  by  means  of  ropes  from  the 
floor.  The  use  of  the  high  resistance  rotor  motor,  designed 
for  starting  service  only,  done  away  with  the  controller, 
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since  it  could  be  started,  stopped  and  reversed  by  means  of 
small  double-throw  oil  switches  which  would  last  for  several 
months  without  inspection  or  repairs. 

Mr.  Petty  has  brought  out  all  the  features  of  the  series 
shunt  and  compound-wound  motors.  The  series  ratotor  is 
probably  the  most  widely  applied  motor  in  steel  mills,  since 
they  are  used  almost  universally  for  crane  and  table  work. 
A-c.  motors  have  been  used  for  this  service  but  never  be- 
came popular,  because  of  the  more  complicated  wirinir  ai^d 
control  apparatus  required;  also  because  of  the  small  clear- 
ance between  rotor  and  stator  which  necessitates  the  fre- 
quent changing  of  bearings  and  the  fact  that  to  replace  a-c 
motor  parts  takes  a  considerable  greater  length  of  time 
than  that  required  for  d-c.  motors.  My  own  experience 
with  a-c  motors  for  table  work  convinced  me  that  the  d-c 
motor  is  much  superior. 

Clark  S.  Lankton:    I  do  not  know  as  I  have  very  much 
to  say.    Mr.  Petty  did  not  include  squirrel-cage  motors  in  ^ 
his  paper,  but  limited  same  to  wound-rotor  motors. 

It  has  been  my  experience  that  of  ten-times  you  can  use 
a  squirrel-cage  motor  and  get  your  speed  reduction  through 
adjustable  gears.  If  you  can  use  sliding  gears  and  a  squir- 
rel-cage motor,  then  your  motor  is  always  running  at  the 
same  speed  and  you  do  not  need  motor  slip  for  this  arrange- 
ment. I  know  of  some  lathes  that  were  made  that  way  and 
they  were  satisfactory.  As  Mr.  Reed  says,  I  believe  that  in 
a  good  many  of  the  cases  where  they  want  adjustable  speed, 
they  could  get  along  with  constant  speed. 

I  am  not  as  favorable  to  the  slip-ring  type  of  motors 
as  some  people  in  this  organization.  An  a-c.  motor  running 
on  resistance  does  not  appeal  to  me  as  an  ideal  way  of  doing 
it.  The  motor  is  sluggish  on  the  low  speeds,  it  does  not  take 
the  load  as  quickly :  the  speed  variation  is  greater.  In  oth- 
er words,  the  regulation  is  poor  and  a  great  deal  is  lost  in 
efficiency. 

R.  F.  Gale :  I  would  like  to  know  more  about  the  start- 
ing of  large  a-c.  motors,  under  loaded  conditions.  Suppose 
for  example  you  had  an  a-c.  motor  on  an  accumulator  pump, 
and  the  question  was  whether  this  motor  should  operate 
all  of  the  time,  or  cutout  at  the  end  of  the  accumulator 
travel,  cutting  in  again  at  a  reasonable  distance  from  the 
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lower  end  of  the  stroke.     I  would  like  to  hear  from  some- 
body regarding  this. 

In  1908  I  had  an  experience  with  an  a-c.  crane.  The 
crane  was  erected  over  a  moulding  shop,  to  be  used  to  draw 
patterns  out  of  the  sand.  When  the  controller  was  on  the 
first  point  nothing  moved.  Upon  moving  it  to  the  second 
point,  the  pattern  came  out  of  the  sand  all  at  once,  drag- 
ging the  sand  with  it.  This  condition  could  not  be  improv- 
ed until  the  motors  were  changed  over  to  d-c.  However, 
a-c.  apparatus  might  have  been  improved  since  then. 

Chas.  C.  Kaf er :  I  would  like  to  bring  up  the  question 
of  variable  speed.  We  have  sixteen  waste-heat  boilers  at 
the  present  time,  operated  by  variable-speed  d-c.  motors. 
The  question  seems  to  come  up  that  it  is  desirable  after  a 
furnace  has  been  rebuilt.  Now  the  motors  we  have  at  the 
present  time  are  300  to  600;  that  is,  two  to  one  variation. 
After  the  furnace  is  rebuilt  we  can  run  that  motor  in  the 
neighborhood  of  350  to  400.  It  takes  care  of  the  draft, 
waste  heat,  steam,  and  everybody  seems  to  be  satisfied  with 
it.  But  after  it  is  on,  instead  of  300,  400  or  600,  they  want 
650  on  there.  That  is  where  the  electrician  is  up  against 
a  proposition.  The  heater  says  he  can  give  us  heat,  but 
when  they  shut  the  boiler  down  it  is  up  to  the  electrician 
to  find  out  if  he  is  going  to  run  that  motor  with  this  speed 
or  speed  the  motor  up.  That  seems  to  be  the  proposition  \ 
I  am  up  against  in  trying  to  accommodate  the  different 
people  on  the  floor. 

If  Mr.  Petty  has  the  proposition  he  spoke  of  worked  out, 
it  seems  to  me  he  has  solved  that  question  on  the  variation 
of  the  a-c.  motor.  I  am  sorry  to  say  we  have  not  any  in- 
stalled at  present,  but  if  he  has  as  much  trouble  in  getting 
the  variation  on  the  a-c.  as  I  have  on  the  d-c,  I  am  sorry 
for  him. 

A.  M.  MacCutcheon:  With  reference  to  Mr.  Petty's 
paper,  it  may  be  interesting  to  review  the  theoretical  con- 
siderations involved  in  securing  a  speed  variation  on  motors; 
in  what  way  the  various  factors  are  interrelated  and  why 
up  to  the  present  time  the  d-c.  motor  has  offered  the  only 
practical  solution  to  the  problem  of  securing  various  speeds 
which,  after  setting,  shall  remain  practically  constant  with 
variation  in  the  required  torque.     By  the  required  torque 
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we  mean  that  force  at  the  shaft  which  resists  the  turning 
of  the  armatures.  The  horsepower,  of  course,  equals  the 
torque  times  the  speed- 
In  all  motors  a-c  and  d-c.  the  rotating  part  must  de- 
velop a  torque  equal  to  the  outside  resisting  torque  and 
further  the  impressed  voltage  must  be  balanced  by  a  count- 
er-voltage produced  in  the  motor,  enough  loss  than  the  im- 
pressed voltage  to  allow  a  current  to  flow  sufficient  to  pro- 
duce the  required  torque. 

The  torque  produced  in  a  motor  depends  upon  the  cur- 
rent flowing,  the  number  of  conductors  and  the  strength 
of  the  magnetic  field.  The  counter-voltage  depends  upon 
the  rate  at  which  the  field  is  cut,  the  number  of  rotor  con- 
ductors and  the  strength  of  the  magnetic  field- 
In  a  d-c.  motor  of  shunt  characteristics,  the  strengtii 
of  the  magnetic  field  is  independent  of  the  armature  cur- 
rent.   C!onsider  the  two  equations: 

Torque  equals  current,  times  rotor  conductors,  times 

magnetic  field- 
Voltage  equals  magnetic  field,  times  speed,  times  num- 
ber of  conductors. 

The  speed  may  be  changed  by  changing  the  magnetic 
field  as  is  apparent  from  the  voltage  formula.  For  example, 
with  one-half  the  magnetic  field,  the  conductors  the  same, 
external  voltage  the  same,  the  speed  is  doubled.  With  a 
constant  torque  the  armature  current  must  be  doubled, 
when  the  magnetic  field  is  weakened  to  a  one-half  value. 
Constant  torque  and  double  speed  give  double  horsepower. 

With  constant  horsepower,  when  the  speed  is  doubled 
the  torque  is  one-half.  Since  the  magnetic  field  is  one-half, 
the  torque  one-half,  the  current  is  constant.  This  is  the 
usual  condition  on  field  weakening  motors. 

Now  consider  a  change  in  the  torque  and  its  effect  upon 
the  speed  with  a  certain  strength  of  magnetic  field.  Flux 
is  constant,  number  of  conductors  are  constant,  impressed 
voltage  is  constant.  Therefore  ,the  speed  is  practically  con- 
stant. The  change  in  torque  is  secured  by  the  change  in 
armature  current  and  a  very  slight  drop  in  speed  gives  a 
large  increase  in  armature  current.  It  is  this  character- 
istic of  the  direct-current  shunt  motor  which  gives  it  its 
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speed,  flexibility  and  control.  The  torque  and  the  speed  are 
independent. 

The  series  motor  can  be  studied  in  the  same  way,  but 
here  we  find  that  the  magnetic  field  is  dependent  upon  the 
torque  since  a  change  in  torque  means  a  change  in  armature 
current  which  in  turn  passes  through  the  field.  An  increas- 
ing load  results  in  a  decreasing  speed. 

In  considering  alternating-current  machines,  the  volt- 
age applied  must  be  balanced  as  in  d-c.,  but  this  balancing 
is  not  dependent  upon  the  speed  of  the  rotating  part  as  in 
direct-current.  Further,  the  external  torque  applied  to  the 
shaft  must  be  balanced  as  in  direct-current.  With  the  or- 
dinary type  of  slip  ring  motor,  with  resistance  in  circuit  in 
the  secondary,  the  change  in  torque  is  accompanied  by  a 
change  in  speed  as  in  the  series  type  d-c.  motor  and  the  mo- 
tor is,  therefore,  not  adapted  for  machine-tool  and  similar 
drive  where  a  constant  speed  of  a  fixed  value  with  a  change 
in  torque  is  desired. 

We  will  note  briefly  how  this  change  in  torque  results 
in  a  speed  change.  With  an  increasing  torque,  it  is  neces- 
sary for  a  larger  current  to  flow  through  the  rotor  conduc- 
tors. On  the  squirrel-cage  motor  a  very  small  percentage 
of  slip  results  in  a  large  increase  in  rotor  current,  but 
on  the  slip  ring  motor  a  greater  amount  of  slip  is  necessary 
to  produce  the  voltage  which  will  force  the  increased  cur- 
rent through  the  external  resistance.  A  change  in  the  ex- 
ternal resistance  will  change  the  speed  for  a  certain  neces- 
sary torque.  As  soon  as  the  external  torque  is  removed  the 
motor  comes  up  to  practically  synchronous  speed. 

To  summarize :  A  constant  speed  with  varying  torque 
is  easily  obtained  on  a  d-c.  motor  since  the  speed  can  be 
made  independent  of  the  torque,  whereas  in  the  ordinary 
conmiercial  form  of  alternating-current  motor  the  change 
in  speed  depends  upon  the  change  in  torque. 

C.  W.  Conrad:  I  agree  with  the  gentleman  who  stated 
that  a  constant-speed  motor  can  be  used  many  times  where 
it  is  thought  that  a  variable-speed  motor  is  required. 

We  have  only  a  few  phase-wound  motors  in  our  plant. 
Fifteen  of  these  are  geared  to  rolls  where  it  was  thought 
that  variable-speed  would  be  desirable.  However,  they  are 
operated  at  maximum  speed  which  gives  the  most  satisfac- 
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tory  results.  We  have  a  large  slip-ring  motor  that  drives 
an  air  compressor,  and  of  course  the  resistance  is  used  only 
for  starting.  The  phase  winding  is  necessary  in  this  case 
because  the  starting  torque  of  the  compressor,  although 
supposed  to  be  low,  is  extremely  high  under  the  conditions 
which  it  operates.  We  also  have  some  small  adjustable- 
speed  direct-current  motors  on  some  special  machines,  but 
I  have  noticed  that  these  have  been  operated  without  speed 
variation  since  the  correct  speed  was  obtained  soon  after 
the  machines  were  installed.  These  variable-speed  motors 
represent  a  small  percentage  of  the  total  number  installed; 
o\^er  90  per  cent,  of  our  motors  are  squirrel-cage  induction 
motors  driving  line  shafting.  When  it  is  possible  I  prefer 
to  obtain  speed  variation  on  machinery  by  the  use  of  ad- 
justable gears  or  cone  pulleys  when  using  alternating-cur- 
rent motors. 

The  question  of  power  factor  has  not  been  brought  up. 
In  case  power  is  purchased  and  there  is  a  penalty  for  low 
power  factor,  it  is  possible  that  the  direct-current  motor 
could  make  a  better  showing  for  itself  in  Mr.  Petty's  effi- 
ciency-load factor  curve.  That  is,  if  the  efficiency  is  reduc- 
ed to  a  dollar  and  cents  basis.  However,  I  might  add  that 
the  power  factor  of  the  phase-wound  motor  does  not  vary 
tbrou^li  its  speed  range. 

I  think  that  Mr.  Gale  asked  about  accumulator  motors. 
Perhaps  Mr.  Gledhill  can  answer  his  question  about  them, 
because  I  know  that  he  has  some. 

J.  S.  Rowan:  I  think  that  one  of  the  most  important 
things  to  be  considered  in  deciding  ivhether  to  use  a-c.  or 
d-c.  is  the  question  of  starting  torque,  and  if  a-c.  is  decided 
upon,  this  feature  largely  determines  whether  to  use  a  slip- 
ring  or  squirrel-cage  motor  where  speed  variation  is  not  nec- 
essary. A  great  deal  of  trouble  is  caused  by  using  squirrel- 
cage  motors  when  a  slip-ring  motor  should  be  used  and  even 
when  the  latter  is  used  it  is  often  necessary  to  use  a  larger 
motor  than  would  be  required  on  d-c.  to  provide  sufficient 
starting  torque  to  prevent  stalling  and  consequent  burnout 
of  a-c.  motors  due  to  insufficient  starting  torque.  This  leads 
me  to  suggest  that  more  attention  be  given  to  this  i)oint. 
Where  adjustable-speed  is  desirable,  the  paper  and  discus- 
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sion  easily  show  that  for  most  cases  d-c.  should  be  used 
whenever  same  is  obtainable. 

S.  P.  Johnson:  In  reference  to  the  variable-speed 
direct-current  motor,  I  believe  the  shunt-wound  interpole 
type  is  the  ideal  type  of  a  motor  drive  for  machine-tools  on 
account  of  its  wide  range  of  speed  and  flexibility  for  adjust 
ing  same,  especially  when  automatic  control  is  used,  toj?eth- 
er  with  its  dynamic  brake  feature,  which  means  saving  ol 
time,  and,  therefore,  increasing  the  efficiency  of  the  machine- 
tools,  which  permits  greater  output,  and  for  which  every 
concern  looks  for. 

Further,  I  would  state  that  95%  of  our  machine-tools 
are  equipped  with  this  type  of  motor. 

When  alternating-current  motors  are  used  for  the  same 
purpose,  I  would  say  that  the  best  suitable  motor  would  be 
the  one  wound  for  four  different  speeds,  namely,  600,  900, 
1200  and  1800,  and  with  some  additional  slip  gears  in  con- 
junction with  same  you  get  a  fair  variation  of  speed. 

The  a-c  motor  has  its  advantages  in  a  great  many  cases, 
but  for  machine-tools  the  direct-current  motor  is  the  most 
suitable. 

Leonard  Work :  I  think  that  the  most  important  point 
Mr.  Petty  brought  out  in  his  able  paper  is  the  greater  re- 
liabiUty  of  the  a-c.  motor  over  the  d-c.  motor.  There  are 
classes  of  work  in  which  the  d-c.  motor  is  almost  necessary, 
as  has  just  been  mentioned,  where  a  considerable  variabil- 
ity in  speed  must  be  had.  But  there  are  many  other  appli- 
cations where  either  class  of  motor  may  be  used.  The  dir- 
ect-current motor  cannot  compare  with  the  alternating-cur- 
rent motor  when  it  comes  to  reUability,  and,  personally,  I 
make  it  a  rule  to  never  use  a  d-c.  motor  unless  the  conditions 
absolutely  require  one,  just  on  the  grounds  of  reliability. 
With  the  alternating-current  motor  we  do  not  have  com- 
mutation troubles,  breakdowns  of  insulation  from  field  dis- 
charges, and  so  forth.  In  the  bar-wound  motor  we  have 
almost  as  simple  construction  as  a  plain  shaft  with  two 
bearings,  and  the  motor  will  withstand  a  great  deal  of  mis- 
use on  account  of  its  simplicity  of  construction  and  its 
mechanical  strength. 

There  is  one  type  of  cage-wound  motor  having  high  re- 
sistance and  rings  which  has  a  high  starting  torque  with  a 
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moderate  starting  current  This  motor  should  have  a  wide 
application.  In  oxnpetition  with  a  direct  motor,  however, 
it  may  not  have  quite  as  high  efficiency  as  the  latter,  but 
on  the  other  hand,  its  reliability  will  be  certainly  greater 
and  considerably  outweigh  the  difference  in  efficiency. 
While  a  few  cents  a  day  might  be  saved  in  the  employment 
of  a  direct^urrent  motor,  the  benefits  of  that  effidencjr  may 
be  wiped  out  completely  in  a  single  breakdown*  In  shorty 
there  is  infinitely  less  trouble  from  stoppages  or  break- 
downs  with  a-c  motors  of  polyphase  type  than  with  d-c  mo- 
tors of  any  type. 

The  question  of  the  proper  application  of  these  two 
classes  is  neither  generally  nor  accurately  understood. 
Neither  type  of  motor  is  adapted  to  all  purposes,  but  the  field 
in  which  the  a-c.  motor  cannot  well  be  applied  is  very  re- 
stricted indeed,  and  with  the  rapid  development  of  the 
multi-speed  induction  motor  this  field  is  becoming  smaller 
and  smaller.  Elach  case  of  motor  application  should  be  de- 
cided on  its  merits  and  with  a  knowledge  of  the  require- 
ments. Often  the  requirements  are  more  theoretical  ttian 
real  and  a  variable-speed  d-c.  motor  will  be  installed  only 
to  have  its  variable-speed  features  never  used.  In  such 
cases,  where  both  systems  are  <available,  the  more  reliable 
induction  motor  should  be  installed.  Overhead  cranes  are 
in  successful  daily  operation  using  either  system,  but  the 
success  depends  largely  on  the  character  of  work  the  crane 
is  required  to  do. 

Baxter  Reynolds:  I  have  been  very  much  interested 
in  the  remarks  relative  to  a-c.  motors,  and  particularly  in 
reference  to  machine  shop  drives  and  in  some  cases  crane 
drives.  I  know  that  in  our  own  shop  (we  have  a  plant 
where  we  manufacture  electrical  machinery)  we  have  chang- 
ed over  practically  all  our  motors  to  a-c.  We  find  the  main- 
tenance is  practically  nothing,  and  we  have  cut  down  great- 
ly the  number  of  interruptions. 

Any  one  in  a  plant  where  they  have  a  number  of  d-c. 
motors  knows  the  maintenance  on  those  cranes  in  the  course 
of  a  year. 

Now  in  reference  to  machine-tool  drive.  Wherever  we 
can  we  put  in  an  a-c.  motor.  We  have  both  a-c.  and  d-c., 
but  are  gradually  replacing  all  our  d-c.  with  a-c.  because  we 
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find  in  almost  every  case  machine-tool  can  be  driven  with  a 
constant  speed  a-c.  motor,  and  where  it  cannot  we  have  a 
scheme  we  have  worked  out,  which  lowers  the  counter-shaft 
and  puts  it  right  back  of  the  machine,  and  by  using  a  2  to  1 
slip-ring  motor  we  can  get  variations  very  easily  by  chang- 
ing gears  or  belts.  There  is  no  question  but  that  an  a-c.  is 
more  reliable  and  will  have  a  good  deal  less  maintenance. 

It  is  interesting  to  hear  this  discussion,  because  10  or 
15  years  ago  this  discussion  would  not  have  seemed  pos- 
sible. 

Norman  P.  Farrar:  The  company  I  represent  would 
really  prefer  to  push  the  use  of  a-c.  electric  traveling  cranes 
because  we  have  a  mechanical  load  brake  that  is  absolutely 
safe  and  positive  and  will  withstand  severe  service  for  years 
without  renewals.  Dynamic  braking  cannot  be  used  for 
a-c.,  therefore  mechanical  brakes  have  to  be  resorted  to,  and 
as  the  majority  of  brakes  heretofore  used  have  been  very 
troublesome,  we  would  have  an  excellent  talking  point  but 
we  always  try  to  bring  out  the  truth  to  our  customers  and 
that  is,  that  a  d-c.  crane  can  handle  about  50%  more  work 
than  an  a-c.  crane. 

Ordinarily  a  crane  only  handles  on  an  average  of  about 
25%  of  its  rated  capacity,  or  less,  and  a  great  deal  of  the 
time  it  runs  with  no  load ;  consequently  the  acceleration  of 
the  d-c.  motor  will  enable  you  to  obtain  much  higher  aver- 
age crane  speeds  than  the  rated  fulMoad  speeds. 

Two  purchasers  of  our  cranes  recently  figured  this  out 
from  the  production  standpoint,  and  while  their  only  avail- 
able current  was  alternating,  yet  they  considered  it  to  their 
advantage  to  install  motor-generator  sets  and  use  d-c.  cranes. 
They  found  d-c.  speed-control  in  this  case  was  not  required. 

Regarding  the  cost  of  maintenance  which  Mr.  Reed 
brought  up,  I  have  never  heard  of  any  great  difference  be- 
tween a-c.  and  d-c.  motors  on  cranes,  although  he  said  he 
finds  that  in  mill  table  service  the  d-c.  is  cheaper.  Many 
people  claim  the  upkeep  is  less  on  a-c.  than  on  d-c.,  but  I 
think  these  statements  are  misleading  because  some  people 
accept  them  as  facts  and  think  they  are  applicable  to  cranes 
They  neglect  to  take  into  account  the  greater  production 
and  much  better  speed  control  obtainable  with  d-c.  cranes. 
The  greater  production  alone,  more  than  offsets  any  other 
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coiisideration.  Even  if  we  assume  that  the  a-c  crane  mo- 
tor causes  less  trouble,  you  will  have  to  figure  on  having 
more  trouble  with  the  a-c.  solenoid  brake  than  the  d-c,  mag- 
netic brake,  so  in  this  case  one  would  probably  balance  the 
other. 

Cranes  are  the  only  machines  with  which  I  am  familiar, 
therefore  I  am  unable  to  venture  any  further  opinion  on  the 
subject. 

George  W.  Richardson:  I  would  like  to  say  that  I  am 
one  of  the  unfortunate  ones  who  has  no  a-c.  current  around 
the  plant.  I  have  plenty  of  d-c.,  and  of  course  have  my 
troubles  with  that,  the  same  as  every  one  else  does. 

But  Mr.  Reed  was  speaking  of  punches,  machine-tools 
having  fly-wheel  effects,  where  he  used  a  constant  speed 
We  have  been  doing  that  for  years — of  course  with  a  direct- 
current  machine.  We  have  recently  put  on  adjustable-speed 
motors,  our  principal  reason  being  to  try  and  get  more  work 
out  of  the  men. 

Some  time  ago  I  had  occasion  to  make  some  changes  on 
machines,  and  the  armatures  of  the  particuliar  motors  after 
the  change  ran  faster.  In  putting  them  on,  of  course,  the 
men  put  up  a  kick  right  away.  I  greatly  desired  to  find  out 
what  I  could  do  with  the  men  in  our  shop,  so  I  gradually 
commenced  to  raise  the  initial  pressure  in  the  powerhouse. 
I  did  not  jump  it  all  in  one  jump,  but  I  started  from  220 
to  250,  and  I  did  it  gradually.  The  men  went  along  making 
more  for  the  company  and  forgot  all  about  it  until  the 
punches  commenced  to  work  at  least  three  or  four  punches 
more.  Now  we  have  placed  in  variable-speed  motors  for 
that  same  purpose.  There  is  some  machinery,  that  when 
the  punch  requires  a  little  lower  speed  a  man  cannot  handle 
the  material  as  fast,  and  we  find  we  have  other  material 
and  other  punches,  perhaps  with  the  same  punch,  where  we 
could  get  the  work  out  a  little  faster.  So  by  educating  the 
operator  to  start  his  machine  faster,  instead  of  24  punches, 
we  got  them  up  to  28,  29,  30  and  even  more  than  30  punches 
a  minute,  which  means  the  men  make  more  money  and  also 
the  company. 

We  find  the  adjustable-speed  motor  comes  in  there 
pretty  good,  but  just  as  Mr.  Reed  has  spoken  about,  many 
times  they  do  not  really  know  just  what  speed  they  do 
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want  when  you  first  put  them  in,  but  after  they  get  it  going 
they  find  out  they  are  either  too  fast  or  too  slow. 

I  would  like  to  ask  Mr.  Petty  in  reference  to  a  motor 
drive  for  exhaust  fans  for  waste-heat  boilers.  On  our 
waste-heat  boilers  we  use  turbine  engines,  and  we  have 
found  some  little  trouble — most  all  the  steam  that  the  boil- 
er makes  goes  through  the  turbine,  and  we  want  to  over- 
come that  in  some  way. 

On  the  first  boiler  we  had  was  an  engine,  and  we  had  a 
considerable  amount  of  trouble  with  the  bearings  getting 
hot  and  the  engine  rattling  itself,  but  recently  the  new  ones 
placed  in  were  turbine-driven  engines,  and,  as  I  say,  it  takes 
a  considerable  amount  of  steam  to  run  them,  and  I  would 
like  to  know  from  the  experience  of  those  that  have  run 
motors  from  that  angle  of  work  how  much  more  efficient 
they  are  than  the  engine  drive. 

John  H.  Gledhill:  When  we  first  started  to  manufac- 
ture shells,  it  was  decided  to  use  current  from  the  Philadel- 
phia Electric  Company,  and  we  found  that  a  great  many 
men  who  were  selling  machines  asked  for  direct-current  mo- 
tors. We  did  not  care  to  go  into  the  direct-current  motor 
question  at  all  at  the  time,  and  we  finally  decided  on  all  ma- 
chines being  driven  by  induction  motors.  Everything  went 
very  well  for  the  first  job,  but  when  it  was  necessary  to 
purchase  other  machinery,  I  found  that  the  men  in  charge 
of  the  machine-tools  were  leaning  toward  the  direct-cur- 
rent motors  because  they  could  not  get  production  from  the 
machines  driven  by  the  constant-speed  induction  motors. 
From  this,  I  believe  the  variable-speed  direct-current  motor 
would  be  the  best  for  that  kind  of  work. 

The  hydraulic  pump  question  came  up  and  we  purchas- 
ed some  pumps  and  decided  to  operate  them  automatically. 
We  bought  two  pumps  and  two  controllers  for  2200  volts. 
We  have  had  them  in  operation  for  about  fifteen  months, 
and  they  have  been  doing  satisfactory  work,  but  the  up- 
keep is  considerable.  When  it  was  necessary  to  purchase 
other  pumps,  it  was  decided  to  make  use  of  motors  that 
would  operate  continuously,  the  water  to  be  mechanically 
by-passed  whsn  the  accumulator  had  reached  its  limit  of 
travel.  This  was  done  at  the  Standard  Steel  works,  where 
a  battery  of  eight  pumps  was  installed  and  which  are  giving 
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satisfaction.  Of  course,  there  would  be  times  when  soma  of 
the  motors  would  be  operating  without  any  load;  thwefore 
it  is  a  question  as  to  whether  this  arrangement  is  more  de- 
sirable over  the  automatic  starting  panels  which  must  start 
and  stop  at  the  limits  of  travel  of  the  accumulator. 

I  believe  if  we  had  decided  on  the  lower  voltage  instead 
of  the  2200  volts  for  the  first  two  motors,  it  would  have 
worked  better,  for  I  like  the  operation  of  it  very  wdL  A 
bad  feature  of  it  is,  of  course,  the  hard  pull  on  the  line  when 
starting  the  motor  so  many  times  throughout  the  day. 
There  is  also  the  question  of  economy,  but  I  have  not  had 
time  as  yet  to  figure  that  out  We  have,  however,  decided 
to  take  out  the  high  voltage  panels  on  account  of  the  danger 
attached  thereto.  We  found  that  many  times  the  mi^gnets 
did  not  work  and  we  had  to  have  a  man  there  pretty  nearly 
all  day  long.  The  system  that  gives  the  least  trouble,  I  be- 
lieve to  be  that  instidled  with  the  by-pass  valve  equipment 

George  W.  Richardson:  I  think  constant  speed  is  most 
satisfactory,  because  there  would  be  less  troubles  in  over- 
loading an  a-c.  motor,  or  constant-speed  motor,  than  there 
would  be  if  you  would  use  a  variable-speed  motor.  In  my 
own  shop,  I  find  they  will  overload  the  motor  very  heavily 
before  they  change  in  gears.  I  find  with  that  system  we 
have  to  use  a  great  deal  of  argument  against  the  super- 
intendent of  a  shop  to  stop  the  men  from  doing  that  kind  of 
work.  There  is  the  same  tendency  with  the  variable-speed 
motor — they  will  speed  it  up  and  put  on  heavy  cuts. 

I  had  an  experience  with  that  not  long  ago,  when  I  put 
a  variable-speed  motor  on  a  reversing  plate  planer,  and  I  im- 
mediately jumped  the  speed  pretty  high  for  them  to  start. 
I  jumped  from  18  to  29  feet  a  minute,  and  the  motor  done 
very  well  under  it,  but  as  soon  as  my  back  was  turned,  they 
commenced  to  gouge  a  little  bit  more  and  ran  the  current  up 
on  the  machine  something  like  200  amperes  on  a  60  ampere 
machine. 

If  you  have  a  constant-speed,  or  an  a-c.  motor,  they  will 
just  make  that  cut  accordingly.  If  you  put  in  a  machine 
large  enough,  and  they  cannot  vary  it  in  any  way,  I  think 
it  is  good  for  the  electrician.  If  you  can  keep  the  d-c.  motors 
down  to  load,  they  will  not  give  you  much  trouble  either. 
I  have  some  machines  running  for  twenty  years  that  did 
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not  give  me  any  trouble  at  all,  but  I  have  some  that  give 
me  trouble  every  week  or  so. 

John  H.  Gledhill:  We  have  a  couple  of  cranes  equip- 
ped with  alternating-current  motors  on  munition  work,  and 
a  little  over-load  would  stall  the  motors.  This  type  of  crane 
would  not  be  very  satisfactory  for  lifting  large  locomotives. 

George  W.  Richardson:  I  wish  to  say  that  when  the 
a-c.  motor  was  first  brought  out  for  commercial  use,  we  had 
quite  a  number  of  salesmen  coming  to  our  place  and  they 
got  our  manager  at  that  time,  who  was  Mr.  Roberts,  very 
much  interested  in  a-c.  We  of  course  started  out  with  d-c. 
and  he  came  and  said,  ''Richardson,  I  have  some  nice  curves 
down  there;  you  will  have  no  trouble  with  them."  I  said 
that  would  be  very  nice  for  me,  and  asked  him  if  it  would 
be  satisfactory  to  him.  He  said,  "You  are  always  complain- 
ing about  overloading  your  motors.  I  understand  you  can- 
not overload  these  motors."  I  replied,  "If  we  had  a  load  of 
just  a  little  more  than  the  capacity  of  the  crane  and  we  want- 
ed to  take  it  off  the  car,  would  it  be  satisfactory  to  you  to 
get  the  riggers  or  put  in  a  d-c.  If  you  want  to  try  it  out, 
put  in  a  little  plant  and  try  one  or  two  motors."  He  never 
tried  it,  and  we  never  got  a-c.  motors  there.  Since  then 
the  a-c.  has  been  improved. 

Harry  E.  Odenath :  I  would  say  that  one  of  our  friends 
seem  to  favor  the  a-c.  motors  for  crane  service,  and  I  should 
like  him  to  tell  us  just  how  he  would  overcome  the  objections 
made  by  those  who  favor  the  d-c.  motors. 

D.  M.  Petty:  I  am  very  glad  indeed  that  you  said  for 
me  to  answer  some  of  the  questions.  I  do  not  think,  if  we 
were  to  stay  here  the  rest  of  the  night,  we  would  finally  de- 
cide the  question  of  which  was  the  best  motor  to  use,  a-c. 
or  d-c,  but  I  feel  that  the  discussion  that  has  come  out  on 
the  different  motors  has  been  of  material  benefit  to  us  all, 
and  I  am  sure  it  will  help  us  in  solving  our  future  problems. 

If  we  have  a-c.  and  d-c.  power  equally  available,  at  the 
same  cost  of  delivery,  it  is  decidedly  different  from  the  con- 
dition that  obtains  in  plants  that  are  buying  power  and  large 
plants  that  are  manufacturing  their  power  as  a-c. 

So  far  as  the  waste-heat  boiler  problem  is  concerned,  I 
feel  that  we  have  a  lot  to  learn  along  that  line.  I  thing  the 
greatest  trouble  is  the  fact  that  we  do  not  seem  to  know  ex 


740  If/SCr'SSirKW:     A-  -."'ttS 

satisfaction.     Of  course,  th**- i  -I'-^r  :he  fan     r  the 

the  motors  utuild  he  opi^r?*'  .  .»  .  .  .  e  .i-»:.  motijr  ;;»rrat- 
it  is  a  qiiesijiin  as  Im  \m:hi  -  t.-.-  . .  ■■  -imply  a*  an  rxperi- 
sirable  over  Un*  HuioTn-.  :■  .  ■  ■.  ,.  .  ^  .ery  sati.-f.-..::  .r\'  re- 
and  stop  ai  tlu*  iiFiiii<  ..    ••••         ■  •  .-'.aiied  thij-  :r..::>r  in 

I  ixtlic-ve  if  uv  'laii   ••  -  ■■•  *i---reed   and    souirrel- 

of  the  22<H)  v..i!>  t.,r    -^^    '^ing:  to  ri-grul^te  the 

Worked  tu-iirr.  I'^r  »  ;  =  .  :'»fT:inir  with  :he  damp- 

bad  feaUi'"i 

startiii>r  ifn-  rnMlr»r :■■■-  ."iis  from  thr  5:andpoint 

TlieiH'  i>  aisn  ;!■♦•      ;.    •  ..«.         .    «     .-.aL  it  hai  ;•.  ^rniency  to 
time  as  yet  in  lii-ur-  ;         •  ••-  ->  :"rom  the  boiler.     If  we 

to  lake  diji  t}:('  fi'\  '.  \-    ■  •-.   .  -tiiii  more  dn.it  on  a  fum- 

altaciiod  thiMv-^n.     v\  «  ■      ••■^  '     •  '"e  motor  will  give  you,  it 
did  nut  w;)rK  ar«'j  -w.    .  .     :  .:»   ip  your  dampers  between 

all  day  inrj-.     'l'\u   <\  ^w-.  ..iLever  kind  of  furnace  it  is, 

lit'vu  lu  botiiji  1!. .>!■•»-=     •  '  ■•         tr  i^oiler,  which  means  you 

(leorue  V\.  \iu  i  *i,'  ■  ^  ■.  iiutting  on  waste-heat  boil- 

salisraciury.  Iki;-  .-     :..!-.#..    ..  -.vriain  amount  of  waste-heat 
l'>adin-.'   an  .<.  ■■    »>..       •    .  .  Mace. 

.    -K  rjiotjr  was  tlial  we  could 
^.  -peed  as  we  found  by  study 


■•«  I 


I 


I 


0.  ri  pointed  out  by  one  of  the 

.r.i  fellows  to  please,  and  if 

.  ^»*ls  of  things  are  blamed  on 

-L-..s>iug  the  problem  of  starting 

^     i«^aiiist    accumul.Uors.    which 

.  'ud  l;>r(iue.     We  iiave  in  uper- 

•iimps,  all  of  which  are  220- 

.'M'^    with    aut:>matic    starters. 

'■   vory  good    satisfaction.      We 

i!>;  liie  same  kind  of  work  which 

-.    .'.d  wc  h  ive  had  some  trouble  in 

iiiacior.     Wo  Annul  it  necossarv 

..,'    :rie  oil  in  those  contactors  ab.nii 

1  "^o  opening  up  of  the  oil  switch 

■v;.   uere  carbonizing  ihj  nj]  pretty 

\-  due  to  the  fact  that  current  jumj)- 

.auiiicr.     "       solution  of  that  prob- 


DISCUSSION:    A-C.  VS.  D-C.  MOTORS  743 

lem  seems  to  be  in  ample  spacing  in  the  oil  switch  con- 
tactor and  the  passing  of  each  individual  phase  through  a 
separate  tank. 

We  started  out  the  first  installation  of  that  kind  and 
had  two  contactors  all  in  one  tank,  one  phase  running 
straight  through  to  the  induction  motor,  and  we  had  trouble 
due  to  the  fact  that  the  current  would  jump  across  from  one 
phase  to  another,  thus  short-circuiting  the  line,  which  opens 
up  the  overload  switch,  sometimes  opens  it  in  rather  an  un- 
ceremonious fashion,  blowing  the  tank  off,  etc.  But  that 
has  been  largely  overcome  by  putting  the  contactors  in  sep- 
arate tanks. 

To  my  mind,  it  is  not  a  question  of  the  motor;  it  is  a 
question  of  the  oil  switch  design.  I  think  all  this  trouble 
can  be  overcome  if  ample  leakage  surface  under  the  oil  is 
provided. 

Another  problem  in  connection  with  starting  a-c.  mo- 
tors against  this  kind  of  a  load,  aside  from  the  trouble  and 
maintenance  of  motors  and  controllers,  hinges  on  the  capa* 
city  of  the  transformers  behind  the  motors  and  the  capacity 
of  the  powerhouse  behind  them.  If  you  are  buying  power  on 
a  maximum  demand  basis,  you  have  to  watch  very  carefully 
the  starting  peaks,  and  it  might  pay  you  in  cases  of  this 
kind,  where  very  much  stopping  and  starting  exists,  to  let 
the  motor  run  all  the  time.  But  under  ordinal  y  conditions, 
I  would  say  if  you  had  fairly  good  sized  transformers  back 
of  the  load,  it  can  be  operated  satisfactorily,  using  auto- 
matic stopping  and  starting. 

The  problem  of  machine-tool  drive  has  been  discussed 
in  various  ways  tonight  and  from  various  standpoints,  but 
I  feel  in  any  large  machine  shop,  that  production  is  what 
we  are  after,  and  it  is  the  function  of  the  electrical  engin- 
eer to  put  a  motor  on  the  machine  which  will  deliver  the 
greatest  production  with  the  minimum  cost.  Sometimes  I 
am  very  sure  it  would  pay  to  spend  a  little  more  money  in 
order  to  keep  up  the  production,  rather  than  trying  to  keep 
down  the  maintenance  cost  by  putting  on  a  motor  which 
would  Hmit  the  production,  for  after  all,  the  production  on 
machine  tools,  as  compared  with  the  maintenance  cost  of 
the  motor  driving  the  machine,  is  by  far  the  most  important 
item. 
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Gewg^  W.  Richardson:  For  machine-tool  work»  I 
of  the  opinion  that  the  d-c.  motor  would  work  out  better 
than  the  a-c.  It  is  production  as  Mr.  Petty  says,  that  we 
want  and  what  they  are  always  shouting  for.  'If  your  ma- 
chine does  not  fill  this  requirement,  get  another  one."  That 
is  what  they  will  tell  you,  and  I  do  not  think  they  are  going 
to  get  an  a-c.  to  fill  all  those  conditions.  Tliey  h&ve,  I 
understand,  an  a-c.  which  can  change  to  four  speeds,  but  I 
imagine  it  is  quite  complicated  to  do  that. 


Pr«MBtecI  At 
Pittabur^  Monthly  Meeting 
December  16.  1916 


MODERN  STEEL  MILL  CRANE  SPECIFICATIONS 


By  F.  D.  EGAN 


GENERAL  SPECIFICATIONS 
BBIDGE. 

1 — ^Type:  This  crane  shall  be  known  as  the  no  overhung  gear,  all 
steel  construction  type. 

2 — Girders:  The  girders  forming  the  bridge  shall  be  "Builder's 
Standard  Design**  box  girders,  and  due  provision  must  be  made  for 
adequate  water  drainage.  Top  cover  plates  of  girders  shall  be  suit- 
ably supported  to  prevent  bending  under  trolley  load.  All  cover  plates 
and  cover  plate  angles  shall  be  one  piece  for  the  entire  length  of  the 
grirders.     Splices  of  approved  design  will  be  allowed  in  web  plates. 

Girders  shall  be  rigidly  attached  to  heavy  cast  steel  end  trucks 
and  shall  be  provided  at  each  end  with  gusset  plates  and  angle  braces 
necessary  to  prevent  twisting.  The  design  of  all  parts  of  the  bridge 
must  conform  to  the  Standard  Specifications  of  the  Association  of 
Steel  Manufacturers. 

When  specified,  a  permanent  structure  supporting  beam  or  beams 
for  use  in  repairing  trolley,  shall  be  located  over  bridge  motor  and  ar- 
ranged to  allow  of  its  use  for  repairs  on  that  motor.  This  structure 
shall  be  capable  of  lifting  the  heaviest  piece  of  such  repairs. 

3 — End  Trucks:  End  trucks  shall  be  made  of  cast  steel,  amply 
strong  to  prevent  breakag<e  under  the  most  severe  strain  to  be  met 
with  under  legitimate  use  of  the  crane.  A  heavy  safety  lug  shall 
be  cast  across  the  bottom  of  each  end  truck  near  the  truck  wheel  and 
one  (1)  inch  above  top  of  rail,  to  prevent  drop  of  crane  in  case  of 
breakage  of  truck  pin  or  truck.  No  parts  of  the  truck  gear  shall  pro- 
ject below  the  flange  of  the  truck  wheels.  Trucks  shall  be  furnished 
with  axle  journals  as  shown  on  blue-print  herewith. 

All  bearing  brackets,  unLess  in  body  of  truck,  shall  be  made  of 
steel  and  rest  on  finished  surfaces.  They  shall  be  fastened  to  the 
truck  by  through-bolts  and  further  held  in  position  by  one  or  more 
feathers  or  keys  extending  the  entire  length  of  the  base  of  the  bracket 
and  parallel  to  the  shaft  so  as  to  hold  the  bracket  in  line,  independent 
of  dowel  pins  or  body  bound  bolts. 

Trucks  shall  be  made  so  that  center-line  of  truck  wheel  is  on 
center-line  between  truck  wheel  shaft  bearings. 
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Maximum  wheel  load  for  two  wheel  truck  shall  not  he  over  60,000 
pounds. 

Spring  bumpers  shall  be  atta/ched  to  end  trucks  to  limit  bridge 
travel. 

Wheel  base  shall  not  be  less  than  12'-0''  center  line  to  center  line 
of  truck  wheel  except  on  i^proval  of  the  purchaser's  engineer. 

4— Truck  Wheels:  Bridge  truck  wheels  shall  be  of  cast  ated 
centers  with  rolled  steel  tires  of  not  less  than  three  (3)  inches  thidi 
on  tread,  and  not  less  than  twenty-four  (24)  inches  'bread  dSameber. 
They  shall  be  double  flanged  with  treads  accurately  finished  to  conform 
to  standard  "T"  rail.  Wheels  shall  be  pressed  onto  axle  and  keyed. 
The  pressure  employed  for  this  purpose  shall  not  be  less  than  9  tons 
per  inch  diameter  of  axle  shafts.  Bridge  truck  wheels  shall  be  finish^ 
ed  to  allow  one-quarter  (^)  inch  clearance  on  each  side  of  flange. 
Pressure  of  bridge  truck  wheel  journals  shall  not  exceed  750  lbs.  per 
sq.  in.  figured  at  maximum  wheel  load  on  each  wheel. 

Truck  wheel  driving  gear  shall  not  be  greater  O.  D.  than  flange 
on  truck  wheel. 

5 — ^Bridge  Drive:  Bridge  motor  brackets  shall  be  buflt  of  atrae- 
tural  material  and  shall  be  attached  to  girder  by  suitable  angles. 
These  angles  shall  extend  the  full  depth  of  the  girder  and  over  vertical 
legs  of  flange  angles.  The  extending  arms  carrying  the  motor  ahall 
be  supported  by  heavy  gusset  plates.  Floor  plates  and  brackets  shall 
be  stiffened  by  cross  angles  directly  under  the  motor  base. 

Bridge  motors  shall  be  bolted  to  brackets  by  bolt  extending 
through  floor  plates  and  stiffening  angles. 

The  bridge  shall  be  driven  by  a  line-jshaft,  divided  into  lengths 
convenient  for  handling.  The  end  sections  carrying  the  bridge  drive 
pinions  shall  not  be  more  than  four  (4)  feet  in  length  and  shall  be  in- 
terchangeable at  either  end  of  bridge  drives. 

Line-shaft  is  to  run  through  standard  countershaft  bearings  on 
bridge  driving  motor. 

Shaft  at  motor  shall  be  a  short  section  having  a  diameter  increas- 
ed under  gear  seat  the  same  as  the  hoist  shafting  to  facilitate  re- 
moving gear. 

Other  sections  on  line-shaft  except  end  sections  and  sections  at 
motor  shall  be  equal  in  length  where  possible. 

Safety  flanged  couplings  of  cast  steel  drilled  to  template  shall  be 
furnished. 

The  bridges  shall  be  provided  with  a  foot  brake  of  ample  power 
to  control  the  crane  with  its  full-load  in  case  the  current  should  be 
cut  off  while  the  bridge  is  traveling.  The  bridge  brake  wheels  shall 
be  placed  on  the  armature  shafts  and  shall  be  easily  removable  there- 
from. The  brake  wheel  shall  be  of  steel  and  shall  be  of  web  form, 
turned  all  over  to  insure  proper  balance. 

6 — Footwalks  and  Hand  Rails:  Two  foot  walks  shall  be  provided 
and  to  run  full  length  of  girders,  one  on  each  side  of  crane;  floored 
with  checkered  plates  thirty-four  (34)  inches  wide  and  provided  with 
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angle  hand  rail  42"  high  and  an  intermediate  member  twenty-one  (21) 
inches  high. 

Curb  angles  along  footwalk  shall  have  one  leg  projecting  vertic- 
ally at  least  four  inches  above  plates  to  prevent  tools,  etc.,  from  being 
kicked  off. 

Footwalk  on  bridge  motor  side  shall  be  below  line-shaft  and 
around  motor,  where  at  least  fifteen  inches  clearance  shall  be  provid- 
ed between  the  motor  and  handrail. 

Footwalks  on  opposite  girder  to  be  6'-6"  from  bottom  chord  in 
building,  or  if  there  is  nothing  above  crane,  walk  should  be  flush  with 
top  cover  plate  on  crane  girder. 

TROLLEY. 

7 — ^Trucks:  Trucks  shall  be  made  of  cast  steel  amply  strong 
to  prevent  breakage  under  the  most  severe  strain  to  be  met  with 
under  legitimate  use  of  the  crane. 

A  heavy  safety  lug  shall  be  cast  across  the  bottom  of  each  end 
truck  near  the  truck  wheel  and  one  (1)  inch  above  top  of  rail,  to  pre- 
vent excessive  drop  of  trolley  in  case  of  breakage  of  truck  pin  or  truck. 
Pressure  of  trolley  truck  wheel  journals  shall  not  exceed  750  lbs.  per 
square  inch. 

8— Trolley  Truck  Wheels:  Trolley  truck  wheels  shall  be  cast 
steel  centers  with  rolled  steel  tires  not  less  than  fifteen  (15)  inches 
tread  diameter  and  not  less  than  two  and  one-half  (2^)  inches 
thick  on  tread.  They  shall  be  double  flanged  with  treads  accurately 
flnished  to  conform  to  standard  "T"  rails,  and  to  allow  one  eighth 
(%)  inch  clearance  on  each  side  of  rail  used. 

Wheels  shall  be  pressed  onto  axle  and  keyed.  The  pressure  em- 
ployed for  this  purpose  shall  not  be  less  than  9  tons  per  inch  of  dia- 
meter of  axle  shaft. 

Trolley  truck  wheel  driving  gear  shall  not  be  greater  O.  D.  than 
flanges  on  trolley  truck  wheels. 

9 — Drums:  Hoist  drums  shall  be  of  sound  steel  or  air  furnace 
iron  castings  with  machined  grooves  for  rope  to  work  in  and  shall  be 
so  designed  as  to  leave  not  less  than  two  complete  wraps  of  hoisting 
rope  in  grooving  when  hook  is  in  lowest  position,  and  not  require 
overlapping  of  rope  when  hook  is  in  highest  position.  Drum  must  be 
keyed  fast  to  shaft,  and  drum  gear  keyed  fast  to  drum.  Drum  gear 
bore  shall  not  be  less  than  80^^  of  the  diameter  of  the  drum. 

Drum  shaft  to  be  increased  at  points  of  contact  with  drum  in 
similar  manner  to  other  hoisting  shafting.  These  points  to  be  %" 
difference  to  allow  easy  replacement  of  shaft.  Drum  to  be  keyed  to 
shaft  on  driving  gear  end  only. 

Pitch  diameter  of  drum  shall  not  be  less  than  thirty  times  the 
diameter  of  cable. 

On  all  ladle  cranes  the  main  hoist  drums  shall  be  driven  by  two 
motors,  each  through  its  own  train  of  duplicate  gears  and  either  one 
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capable  of  handling  fall  load»  and  to  be  so  designed  that  the  break- 
ing of  any  gear  or  shaft  will  not  allow  the  load  to  drop. 

When  the  use  of  a  lifting  magnet  is  specified,  a  haidwood  magnet 
drum  with  machined  grooves  for  cable  to  work  in  shall  be  provided. 

Pitch  diameter  of  drum  to  be  not  less  than  twehne  incbea,  with 
split  collector  rings  and  brush  holders  arranged  as  shown  on  noeomp- 
snying  print. 

This  drum  shall  be  driven  through  spur  gearing  from  hoist  shaft- 
ing and  be  so  located  as  to  keep  magnet  cable  free  from  hoist  caUe. 

If  an  outside  crane,  a  metallic  cover  shall  be  provided  to  prptiset 
collector  rings  and  brushes  from  snow  and  ice. 

161 — Shafting:  All  hoist  shafting  carrying  gears  or  pinions  to 
be  forged  open  hearth  steel  with  a  diameter  at  point  where  gears  are 
located  increased  by  %'*  increments  to  not  less  than  twice  the  depth 
of  the  key  seat. 

All  connections  subject  to  torsion  are  to  be  pressed  on  and  keyed 
in  place.  Press  fits  to  be  made  with  pressure  of  not  less  than  9  tons 
per  inch  diameter. 

11— Lifting  Tackle:  The  lifting  tackle  shall  consist  of  extra  flexi- 
ble six  strand,  37  wires,  plow  steel  hoisting  cable. 

Ladle  cranes  shall  have  one  set  of  active  and  one  set  of  safety 
cables,  either  set  capable  of  handling  full  load. 

All  sheaves  except  idler  sheaves  to  be  not  less  than  thirty-times 
the  diameter  of  cable.  All  shall  be  protected  by  steel  guards  which 
fit  close  to  the  flanges  to  prevent  the  rope  coming  off. 

Bottom  block  shall  be  of  structural  or  cast  steel,  hooks  shall  be 
steel  forgings  of  capacity  not  less  than  200%  of  rated  load  of  hoist 
and  shall  swivel  on  ball  bearing,  so  constructed  as  to  exclude  dirt. 

12 — Brakes:  Each  hoist  shall  be  arranged  for  electric  dynamic 
braking  and  shall  be  adjusted  that  the  speed  of  the  hoist  lowering  full 
load  shall  not  exceed  that  of  hoisting  under  full  load,  by  more  than 
109^,  and  the  speed  lowering  light  shall  not  be  less  than  twice  full 
load  speed.  Main  hoist  shall  be  equipped  with  two  electric  brakes, 
no  mechanical  brakes  being  required. 

One  electric  brake  shall  be  located  on  the  extension  of  the  arma- 
ture shaft  and  the  other  shall  be  located  on  the  intermediate  shaft. 
Each  brake  shall  be  capable  of  stopping  and  holding  a  load  equal  to 
1207f  full  load.  Strap  brakes  shall  be  lined  with  thermoid  or  its 
equal.  The  brake  solenoid  coils  shall  be  connected  in  series  with  the 
motor,  and  the  wire  on  strap  shall  be  of  section  not  less  than  in  the 
motor  fields.  Solenoid  coils  shall  rest  on  independent  brackets  and 
not  on  the  motor. 

13 — Limit  Switch:  An  approved  type  of  limit  switch  shall  be 
furnished  with  each  hoist. 

14 — Trolley  Rails:  Rails  shall  be  fastened  to  the  bridge  by 
clamps.  The  bolts  holding  these  clamps  shall  be  staggered,  about 
three  (3)  inch  centers  on  opposite  side  of  rails  and  spaced  not  more 
than  thirty-six  (36)  inch  centers. 


EGAN:    CRANE  SPECIFICATIONS  749 

Provision  must  be  made  to  prevent  creeping  of  rails  on  girder  by 
stop  riveted  to  girders. 

Spring  bumpers  shall  be  put  on  ends  of  bridge  girders,  not  on 
rails,  to  Hmit  trolley  travel. 

15 — Footwalk  and  Hand  Rail:  Trolley  to  have  floor  plate  under 
motors,  shafts,  drums,  etc.,  forming  a  working  platform,  with  provis- 
ion made  for  reaching  footwalk  on  either  side  of  crane. 

A  handrail  42"  high  with  an  intermediate  member  21"  high,  shall 
be  provided  around  trolley. 

ELECTRIC   EQUIPMENT 

1ft— Motors:  Motors  shall  be  furnished  by  the  purchaser,  deliver- 
ed F.O.B.,  builders  works  and  mounted  by  builder.  Motors  will  be 
mill  type,  with  back  axle  brackets  and  bearing  linings  where  desired, 
but  without  pinions,  gears  or  gear  cases.  Motors  with  back  axle 
brackets  shall  be  used  on  the  bridge  and  hoist  drives. 

Following  are  the  diameters  of  the  back  axle  bearing  that  can 
be  used: 

10  h.p.  and  under  3-%" 

10—15  h.p.  3-%" 

15—30  h.p.  3-%" 

30—50  h.p.  4" 

50—75  h.p.  4-V^" 

75—100  h.p.  5" 

100—150  h.p.  6" 
150—200  h.p.  r 

Builder  shall  state  what  size  motor  he  will  use  in  each  case  on 
crane  and  also  if  back  axle  bearings  are  required  on  drives,  other  than 
bridge  or  hoist. 

17 — Controllers:  Controllers  will  be  furnished  by  purchaser.  All 
data  regarding  same,  necessary  to  design  crane,  will  be  furnished  by 
purchaser. 

18 — Safety  Switches:  The  two  double  pole  knife  switches  shall 
be  furnished,  wired  in  series;  one  mounted  in  metal  box  in  operator's 
cab,  and  the  other  mounted  in  metal  box  on  the  end  of  girder  above 
crane  cab.  An  approved  method  shall  be  provided  for  locking  switches 
in  the  open  position.    Locks  will  be  furnished  by  the  purchaser. 

By  opening  either  switch  the  control  lines  to  circuit  breakers  or 
main  switch  are  to  be  opened. 

19 — Wiring:  Controllers  and  switchboards  shall  be  mounted  by 
purchaser  who  will  do  all  wiring  necessary  for  the  proper  operation 
of  the  crane. 

All  wiring  to  be  in  accordance  with  National  Board  of  Fire  Under- 
writers Rules,  1915.  All  wires  on  cranes  unless  otherwise  noted,  shall 
be  flexible  stranded  rubber  covered  30%  para,  fireproof  finish,  600- 
vblt  insulation. 
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All  wires  shall  be  drawn  into  approved  metal  eondnit.  All  out- 
lets shall  be  through  approved  conduit  fittings. 

Each  motor  shall  be  wired  independently  of  all  others  begrond  its 
own  switch  blocks.  No  common  return  for  two  or  mone  motmm  will 
be  allowed. 

No  wires  smaller  than  No.  6  B.  &  S.  gauge  are  to  be  used  exeq^ 
ing  for  pilot  lights  and  circuit  breaker  control. 

A  blue-print  showing  complete  wiring  of  crane  to  be  framed,  pro- 
tected by  glass  and  mounted  in  cage. 

When  use  of  lifting  magnet  is  specified,  cranes  shall  be  wired 
complete  for  magnet,  including  line  switch,  controller,  cable,  etc  Mag- 
net line  switch  shall  be  located  on  main  switchboard  and  connected  be- 
tween main  line  switch  and  circuit  breakers.  Magnet  will  be  Auniah- 
ed  by  purchaser. 

The  following  sizes  of  wire  will  be  allowed  for  motors  and  apply 
to  four  or  less  single  conductors  in  one  circuit,  or  to  four  or  leas  con- 
ductor cables: 


Siae  Motor 

Approximate 

Sise  Wire 

280  Volts 

Amperes 

B.  &  S.  CSange 

5 

21 

6 

10 

42 

6 

15 

61 

6 

SO 

120 

2 

50 

200 

00 

75 

300 

0000 

100 

400 

300,000  c.  m. 

150 

600 

500,000  c.  m. 

200 

800 

1,000,000  c.  m. 

20 — Collectors:  No  trolley  wires  shall  be  used.  %''x2''  steel  bars 
shall  be  furnished  by  builder,  all  jodnts  as  per  purchasers  drawing, 
and  resting  on  porcelain  insulators  shown  on  accompanying  drawing. 

The  builder  shall  furnish  two  sets  of  trolley  collector  shoes  and 
two  sets  of  bridge  collector  shoes.  Collector  shoes  to  be  provided  with 
braided  copper  shunts. 

21 — Cage:  The  cage  shall  be  built  of  structural  material.  It  shall 
be  thoroughly  braced  to  minimize  vibration,  to  be  located  at  one  side 
and  one  end  of  the  bridge  girder. 

The  floor  of  the  cage  shall  be  constructed  of  5-16"  steel  plate 
supported  on  angles  not  more  than  twenty-four  (24)  inches  from 
center  to  center  and  shall  be  covered  with  %"  asbestos  lumber. 

A  ladder  is  to  be  provided  to  give  convenient  and  safe  access  to 
footwalks  and  bridge  girders. 

A  foot  gong  shall  be  provided  in  floor  of  cab. 

If  an  inside  crane,  cage  shall  be  left  open.  If  an  outside  crane, 
cage  shall  be  weather  proof,  being  covered  with  one  eighth  (%)  inch 
steel,  riveted  to  supporting  angles.    In  outside  cage,  metallic  sash 
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windows  shall  be  provided  on  three  sides  of  the  cage,  so  arranged  that 
when  open,  they  shall  drop  completely  out  of  sight  behind  the  side  of 
the  cage  to  avoid  breakage. 

22 — Gears  and  Gear  Cases:  All  gears  shall  be  of  the  spur  type 
and  have  cut  teeth  of  diametral  pitch  not  less  than  four  pitch  B.  & 
S.  Standard  15  degrees  involute.  All  pinions  having  a  pitch  diameter 
of  not  more  than  three  (3)  times  the  diameters  of  the  shaft  on  which 
they  are  to  be  keyed,  shall  be  of  forged  steel.  All  gears,  pinions, 
wheels  and  couplings  shall  be  pressed  onto  shaft  as  well  as  keyed. 
Armature  shaft  pinion  and  brake  wheel  shall  have  motor  builder's 
standard  taper  iits  to  shaft. 

No  special  gears  can  be  used  without  the  written  consent  of  the 
purchaser's  engineer. 

There  shall  be  no  overhung  or  split  gears  on  the  crane. 

The  use  of  set  screws  shall  be  avoided  wherever  possible.  Where 
such  is  unavoidable,  safety  set  screws  that  do  not  project  beyond  the 
perimeters  of  hubs,  collars,  etc.,  shall  be  used. 

Keys  shall  be  so  placed  as  to  avoid  catching  clothing  of  operators 
of  inspectors.  If  this  cannot  otherwise  be  avoided,  key  heads  shall 
be  suitably  and  substantially  hooded. 

All  gears  including  master  wheel  on  hoist  and  truck  wheel  gears 
on  the  bridge,  shall  be  provided  with  tight  cast  steel  gear  cases. 

All  motor  pinions  and  back  axle  gears  shall  be  motor  builder's 
standard. 

23 — Shafting:  All  parts  of  crane  shall  be  readily  accessible  and 
it  shall  not  be  necessary  to  remove  any  part  keyed  on  or  disturb  any 
other  shaft  in  order  to  change  any  shaft  on  the  crane. 

All  shafting  must  be  of  actual  and  not  normal  diameters.  In 
other  words,  a  six  (6)  inch  shaft  must  be  six  (6)  inches  and  not  five 
and  fifteen-sixteenths  inches. 

24 — Keys:  All  keys  shall  be  made  of  square  steel  equal  to  one- 
fourth  of  the  diameter  of  the  shaft  on  which  they  are  to  be  used,  plus 
one-eighth  inch  and  shall  be  bedded  one-half  on  shaft  and  one-half 
in  wheel  or  coupling  except  armature  shaft  keyways,  which  shall  be 
motor  builder's  standard.  All  keys  shall  be  finished  to  standard  taper 
and  where  necessary,  provided  with  heads.  Feather  keys  shall  be 
used  in  all  cases  where  gear  or  brake  wheel,  etc.,  is  located  between 
two  adjacent  bearings. 

25 — Bearings:  All  bearings  shall  be  provided  with  cast  steel  caps, 
finished  male  and  female,  accurately  machined  and  lined  with  split 
bronze  shells  so  that  any  shafting  may  be  removed  from  the  crane 
with  all  its  gears,  pinions,  etc.,  still  in  position. 

All  bearing  shells  shall  be  double  flanged  and  shall  be  held  from 
taming  by  lugs  cast  to  top  half  and  passing  through  cap.  No  dowel 
pin  shall  be  used.  The  bottom  half  of  the  brasses  shall  be  left  plain. 
All  shells  shall  be  made  of  nickel  bronze.  All  track  wheel  bearings 
shall  be  according  to  blue-print  herewith. 
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All  other  bearings  shall  be  supplied  with  an  approred  typa  of 
positive  screw  feed  compression  grease  caps  of  a  capaeitj  of  not 
than  5  oz.  for  shafts,  3'  in  diameter  and  over,  and  not  less  than  8 
for  shafts  under  S'"  diameter. 

26— -Bolts:    All  bolts,  except  as  stated  below,  to  be  rough  i 
chine  bolts,  United  States  standard  thread  and  cold  pressed 
nuts. 

All  bolts  in  shaft  couplings  to  be  finished  machine  bolts,  fitted  In 
reamed  holes. 

All  bolts  used  in  fastening  tie  pieces  or  motor  support  to  aide 
frames  of  trolley,  bridge  girders  to  end  carriages,  bridge  motor  and  line 
shaft  supports  to  girders,  shall  be  finished  machine  bolts  fitted  in 
reamed  holes.    No  stud  bolts  will  be  allowed. 

27 — ^Toola:  Cranes  shall  be  provided  with  a  fuH  set  of  jaw 
wrenches,  socket  wrenches  and  other  tools  required  to  fit  each  aiae 
of  bolts  or  nuts  used,  and  do  work  required  in  the  ordinary  repair  of 
the  crane. 

A  tool  box  made  of  plates,  provided  with  hinges  and  padlock  ahalX 
be  attached  to  the  bridge  girders  by  the  side  of  the  footwalk. 

This  tool  box  to  be  five  feet  long,  eighteen  inches  wide  and  eight- 
een inches  high,  and  partitioned  off  at  one  end  ten  inches  long  for  waste 
and  twenty-four  inches  long  for  oil  cans. 

28— Erection:  The  builder  shall  be  responaible  for  erane  until 
same  is  erected  and  shall  furnish  a  competent  engineer  to  superintend 
the  erection  and  starting  of  the  crane  without  extra  cost  to  the  pur- 
chaser. The  purchaser  will  furnish  all  common  labor,  tackle,  etc., 
required  for  the  work. 

29 — Painting:  All  structural  work,  castings  and  shafting  except 
wearing  surfaces  shall  be  well  painted. 

All  parts  inaccessible  after  assembling  shall  be  painted  before 
assembling. 

30 — Strength  and  Factor  of  Safety:  In  no  case  shall  the  fibre 
stress  in  cast  iron  exceed  two  thousand  lbs.  in  tension,  or  eight  thous- 
and lbs.  in  compression.  In  no  case  shall  the  fibre  stress  in  cast  steel 
exceed  eight  thouand  lbs.  in  tension  or  ten  thousand  lbs.  in  compres- 
sion. 

Different  parts  of  crane  shall  conform  to  the  following  chemical 
analysis: 

Tires  and  gear  rims — Rolled  steel,  made  by  open  hearth  process, 
carbon  .65 Vr  to  .S5Vc,  manganese  .55%  to  .S07f  phosphorous  not  over 
.05?<,  sulphur  not  over  .05Vf  and  silicon  .10%  to  .30%. 

Shafting,  axles  and  pinions — Forged  steel,  made  by  open  hearth 
process,  carbon  .30%  to  .40%,  manganese  .35%  to  .45%,  phosphorous 
not  over  .05%,  sulphur  not  over  .05%  and  silicon  .15%  to  .30%. 

All  castings  except  drums — Steel  castings  made  by  open  hearth 
process,  carbon  .30%  to  .40%,  manganese  not  over  .75%,  phosphorous 
not  over  .04%,  sulphur  not  over  .05%,  and  silicon  not  over  .35%. 


l^AN:    CRANE  SPECIFICATIONS  768 

Drams — Cast  iron,  air  furnace,  carbon  not  over  2.00%,  manganese 
not  over  .8%,  phosphorous  not  over  .40%,  sulphur  not  over  .80%  and 
silicon  not  over  1.00%. 

AH  castings  shall  be  made  of  best  material,  sound  and  free  from 
blowholes,  shrinkage  cracks  or  other  defects,  and  defective  castings 
shall  not  be  patched  or  welded  without  consent  of  purchaser's  engin- 
eer. 

All  structural  steel  to  conform  to  the  Assaciation  of  Iron  &  Steel 
Manufacturers'  specifications  for  medium  structural  steel. 

All  parts  of  crane  not  hereinbefore  noted  shall  be  designed  with 
a  factor  of  safety  of  not  less  than  five.  Hoist  gearing  with  a  factor 
of  safety  not  less  than  eight  when  operated  to  its  maximum  rated 
capacity. 

SI — Drawings:  The  bidder  shall  submit  blue-prints  showing  gen- 
eral arrangement  and  construction  of  crane  with  his  proposal.  The 
builder  shall  furnish  the  purchaser  with  two  complete  sets  of  work- 
ing drawings,  including  general  arrangement  of  both  trolley  and 
bridg»e.  Prints  shall  be  forwarded  as  soon  as  the  work  in  the  draft- 
ing room  is  completed  and  checked.  Work  shall  not  be  started  in  shops 
until  drawings  have  been  approved  and  one  set  is  returned. 

All  details  shall  be  subject  to  the  approval  of  the  purchaser's 
engineer.  Such  approval  by  the  purchaser  dees  not  relieve  the  build- 
er of  responsibility  of  the  proper  working  of  the  crane. 

One  set  of  brown  positive  prints  of  the  final  corrected  working 
drawings  of  the  crane  which  shall  be  complete  in  every  detail  and  in- 
clude general  arrangement  shall  be  furnished  by  the  builder  before 
final  payment  on  the  crane  is  made. 

All  parts  of  the  crane  shall  be  finished  to  the  drawing,  no  part 
especially  fitted  to  its  place  so  that  spare  parts  made  to  the  drawing 
shall  be  interchangeable  with  the  same  parts  on  the  crane. 

32 — Inspection:  All  work  shall  be  subject  to  the  approval  of  the 
purchaser's  inspector,  who  shall  have  access  at  all  times  to  all  depart- 
ments where  the  crane  is  being  built  and  shall  be  afforded  ample 
opportunity  for  thorough  inspection. 

33 — Test  and  Acceptance:  When  the  crane  has  been  installed,  its 
acceptance  shall  be  subject  to  its  compliance  to  the  foregoing  specifica- 
tions, to  be  determined  by  an  inspection  and  test.  The  test  shall  be 
made  at  the  maximum  working  load  of  the  crane  as  hereinafter  speci- 
fied. If  the  crane  is  found  to  comply  with  all  the  requirements  of 
this  specification,  it  shall  be  accepted  at  onc^. 

34 — Guarantee:  The  builder  shall  guarantee  the  crane  to  be 
mechanically  and  electrically  free  from  defects  in  workmanship,  ma- 
terial and  design  and  shall  make  good  by  repairs  or  replacements  any 
parts  that  shall  prove  defective  within  one  year  from  date  of  accept- 
ance of  crane,  without  extra  expense  to  the  purchaser.  The  same 
guarantee  shall  apply  to  part  repaired  or  replaced  dating  from  time 
repair  or  replacement  is  made. 


1— Total  weight. 

2— Weight  of  trolley. 

S — Maximum  load  on  each  wheel 

4 — Limit  of  travel  of  hooks. 

6 — Size  of  motors. 

6 — Speed  of  motors. 

7 — Time  of  delivery. 

8 — Price  delivered,  including 


NOTE — This  general  specification  is  sent  to  each  crane  builder 
but  once,  and  is  kept  In  his  files,  and  is  to  he  used  on  all  crsnes  «s 
specified  or  excepted  by  individual  specifications. 
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INDIVIDUAL  SPECIFICATIONS  FOR  THIS  CRANE 

Department — 
Use- 
Number  of  Cranes — 
Capacity — Main  Hoist 
Capacity — Auxiliary  Hoist — 
Span — 

Maximum  Lift — Main  Hoist — 
Maximum  Lift — Auxiliary  Hoist — 
Main  Hoist  Speed — 
Auxiliary  Hoist  Speed — 
Trolley  Speed- 
Bridge  Speed — 
Section  of  runway  rail — 
Section  of  Trolley  Rail — 
Lifting  Tackle — ^Main  Hoist — 
Lifting  Tackle — ^Auxiliary  Hoist — 
Type  of  Cage — 
Type  of  Limit  Switch — 
Type  of  Brake  Solenoids — 
Diameter  of  Bridge  Truck  Wheels — 
Diameter  of  Trolley  Truck  Wheels — 
Crane  to  be  equipped  for  magnet — 
Bridge  Collector  Drawing — 
Building  Clearance  Drawing — 
Standard  Truck  Axle  Box — 
Crane  to  be  equipped  with  "A"  Frame — 
Collector  Shoe  Holder  (Bridge)  — 
Collector  Shoe  Holder  (Trolley)— 
Collector  Shoe  (Bridge) — 
Collector  Shoe  (Trolley)— 
Porcelain  Insulator  for  Collector  Bars — 
Standard  Joint  for  Collector  Bars — 
Crane  Bumpers — 
Arrangement  of  Magnet  Drum  Collectors — 

Our  general  specifications,  dated  Dec.   1st,  1916,  shall  apply  on 
this  crane,  with  the  following  exceptions: — 
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DISCUSSION 


W.  T.  Snyder:  Mr.  Egan  seems  to  have  presented  a 
very  complete  crane  specification.  Back  in  1907,  this  Asso- 
ciation prepared  and  adopted  a  crane  spedfieation,  which 
was  somewhat  alon^:  the  lines  Mr.  Egan  has  presented. 
Some  time  ago,  that  specification  was  declared  null  and  vaid, 
because  it  had  not  been  kept  up  to  date;  it  was  the  sense 
of  the  directors  that  it  should  not  be  aUowed  to  go  oat  UB 
the  Association  of  Iron  &  Steel  Electrical  Engineers'  sped- 
fication  and  be  used  as  a  basis  for  specifications  by  the  state 
authorities  and  others.  It  seems  to  me  that  the  Assodar 
tion  should  have  an  up-to-date  crane  standard — I  do  not 
know  whether  to  call  it  spec^cation  or  standard,  and  it 
would  seem  that  the  spec^cation  presented  would  be  a  good 
basis  to  work  from.  Have  our  Standardisation  CSommittee 
go  over  it  and  modify  it,  and  try  to  make  out  of  it  what 
could  be  called  an  Assodatkm  of  Iron  &  Steel  Electrical  En- 
gineers' Crane  standard.  We  would  like  to  have  yon  dis- 
cuss the  paper  from  that  standpoint;  manufacturers  from 
their  standpoint,  and  mill  men  from  the  standpoint  of  the 
user. 

Eric  Zachau :  It  is  not  quite  clear  to  me,  Mr.  President, 
whether  these  rules  as  read  are  simiply  a  suggestion  to  be 
discussed,  boiled  down  and  finally  adopted,  or  whether  this 
is  the  final  hearing  in  the  matter.  I  could  say  a  good  deal 
on  this  subject,  but  would  like  to  have  this  question  answer- 
ed before  proceeding.  Are  these  rules  as  read  proposed 
merely  as  a  subject  of  discussion? 

W.  T.  Snyder:  That  is  all.  We  could  not  at  this  meet- 
ing adopt  a  crane  standard.  Before  anything  can  be  put 
out,  it  must  come  before  the  Association  at  its  next  an- 
nual convention  or  some  other  convention. 

Eric  Zachau:  The  drafting  of  a  set  of  rules  which 
would  be  applicable  in  all  cases  without  working  any  hard- 
ship on  either  crane  user  or  manufacturer  and  yet  insure 
a  satisfactory  product  in  all  respects  would,  of  course,  be  the 
ideal  and  I  am  certain  you  would  find  the  manufacturers 
only  too  glad  to  adopt  such  rules  as  standard.  On  the  other 
hand,  you  realize  that  there  are  hardly  any  two  cranes  doing 
exactly  the  same  service  and  it  is  indeed  diffcult  to  draw  a 
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set  of  rules  governing  all  cases.  My  idea  about  crane  speci- 
fications to  be  recommended  by  this  body  of  men  is  to  draw 
some  broad  general  outlines,  giving  the  trend  of  your  experi- 
ence and  general  engineering  practice  to  govern  crane  de- 
sign. I  do  not  believe  it  wise  to  go  too  much  into  detail,  be- 
cause by  so  doing  you  are  defeating  your  own  cause  in  that 
you  reduce  the  adaptability  of  the  rules.  There  are  in  the 
specifications  as  read  a  number  of  features  which  could  and 
should  be  adopted  as  standard  while  on  other  points  I  be- 
lieve the  specifications  go  too  far.  As  long  as  the  discussion 
is  free,  I  will  call  attention  to  a  few  features  that  I  have 
made  note  of,  not  so  much  with  an  idea  of  starting  an  argu- 
ment on  the  different  points,  for  which  the  time  is  entirely 
too  short,  but  rather  to  support  my  contention  that  it  is  un- 
wise to  go  too  much  into  detail. 

You  specify  cast  steel  end  trucks.  That  is  rather  an 
arbitrary  rule,  since  the  relative  merits  of  cast  or  structur- 
al steel  end  trucks  are  open  to  argument.  In  general,  I  be- 
lieve it  unwise  to  specify  material  to  be  employed  where 
there  is  the  least  difference  of  opinion,  since  after  all  it  is 
largely  a  matter  of  design  and  often  one  material  may  be  as 
good  as  the  next  if  the  parts  are  properly  proportioned. 

You  specify  maximum  wheel  load  and  minimum  wheel 
base,  both  of  which  features  are  largely  dependent  on  build- 
mg  construction  and  therefore  cannot  properly  be  covered 
by  crane  specifications. 

To  specify  djmamic  braking  is  another  instance  of  go- 
ing too  far  into  detail  and  this  rule  does  not  apiply  to  a  large 
class  of  cranes,  namely  alternating-current  cranes. 

Two  magnetic  brakes  with  dynamic  braking  is  another 
questionable  advantage.  It  is  a  safety  feature  in  a  way  and 
in  another  it  is  not.  With  two  brake  coils  in  series  with 
the  motor  fields  a  circuit  of  considerable  self  induction  is 
established  which  will  result  in  sluggish  operation  of  the 
brakes.  This  way  the  motor  will  start  or  try  to  start  with 
the  brakes  applied  and  again  when  the  current  is  shut  off, 
the  brakes  will  not  set  quickly,  thus  permitting  excessive 
drift  of  the  load.  It  is  therefore  open  to  question  whether 
one  extra  powerful  brake  will  not  prove  more  satisfactory 
from  all  viewpoints  and  at  any  rate  it  is  a  matter  of  design 
rather  than  safety- 
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In  specifying  by  whom  the  motors  shall  be  purchasedt 
terms  of  payment,  etc,  Mr.  Egan  is  covering  a  field  which 
is  entirely  foreign  to  engineering  specifications  to  be  sug- 
gested by  this  Association. 

These  are  merely  a  few  points  and  I  repeat  that  I  had 
no  notice  that  this  subject  would  come  up  for  discussion  or 
I  would  probably  have  more  to  say  since  it  naturally  is  a 
subject  close  to  my  own  heart.  I  believe,  however,  that  we 
can  serve  both  sides  and  the  aims  of  this  Association  to  bet- 
ter advantage  by  drafting  specifications  which  will  cover 
the  general  design  of  the  crane  without  going  into  ^tail 
too  much,  which  might  necessitate  an  elaborate  classifica- 
tion of  cranes  to  not  work  hardship  on  the  crane  user.  As 
I  said  before,  were  it  possible  to  draft  a  set  of  specifications 
which  could  be  applied  universally  we  crane  builders  would 
be  only  too  glad  to  fall  in  line,  but  inasmuch  as  this  is  im- 
possible we  should  aim  our  rules  to  simply  point  the  way 
towards  a  better  design  and  construction  of  cranest  and  1 
feel  safe  in  assuring  you  of  the  hearty  co-operation  from 
the  crane  builders  towards  this  end. 

W.  T.  Snyder:  I  think  Mr.  Zachau  is  entirely  right  in 
the  points  he  has  made;  that  this  Association  cannot  go  on 
record  as  recommending  any  considerable  number  of  the  de- 
tail recommendations  that  are  contained  in  this  specifica- 
tion; and  for  that  matter,  any  recommendation  the  Asso- 
ciation would  make  would  not  be  binding  on  the  purchaser 
or  crane  manufacturer,  but  rather  a  guide  for  the  other 
members  of  the  Association,  wherein  they  may  benefit  by 
the  experience  of  some  members  who  have  more  experience 
with  operating  and  buying  cranes,  and  we  hope  you  will  not 
discuss  this  specification  altogether  from  the  same  stand- 
point as  Mr.  Zachau.  We  hope  you  will  pick  out  some  of 
the  details,  both  crane  manufacturers  and  mill  men,  as 
though  you  were  criticizing  Mr.  Egan's  specifications  and 
not  the  Association  specifications. 

S.  C.  Coey :  I  remember  my  father  used  to  say,  unless 
you  break  a  rule  now  and  then,  you  won't  know  you  have 
any  rules,  but  he  generally  used  to  accompany  that  with 
some  chastisement.  Now,  I  happened  to  be  a  member  of 
the  Ohio  committee  that  was  oppointed  by  the  Industrial 
Commission  to  draw  up  rules  for  the  safeguarding  of  cranes 
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in  industrial  plants.  Now  most  of  us  have  crane  specifica- 
tions that  we  send  out  when  we  buy  cranes,  and  on  practic- 
ally every  crane  you  buy,  there  are  certain  exceptions  in 
the  specifications.  The  National  Safety  Council  got  out  a 
careful  set  of  specifications  drawn  up  in  a  manner  similar 
to  which  these  were  drawn  up,  and  when  this  Committee 
met  at  Columbus,  the  chairman  had  a  copy  of  these  tentative 
rules  for  the  construction  of  cranes  and  seemed  to  think 
that  they  would  be  a  good  thing  to  adopt  as  law  for  cranes  in 
the  state  of  Ohio.  The  point  I  want  to  bring  out  is  that  if 
we  adopted  those  rules  in  Ohio,  nearly  every  crane  in  every 
plant  in  that  state  would  have  something  about  it  that  would 
not  conform  to  the  rules  as  outlined,  and  it  is  very  import- 
ant in  making  up  a  set  of  specifications  that  will  go  out 
under  the  name  of  this  Association,  that  they  bear  in  mind 
that  very  point,  because  the  specifications  will  get  to  these 
industrial  commissions  and  be  made  fixed  rules  for  govern- 
ing the  industries.  It  is  up  to  us  to  see  that  they  don't 
make  foolish  laws  which  it  is  impossible  to  live  up  to  in  all 
cases. 

In  regard  to  Mr.  Egan's  specifications,  Mr.  Zachau  does 
not  believe  in  cast  steel  end  trucks;  he  thinks  structural 
is  better.  That  is  one  point  which  is  merely  a  matter  of  ex- 
iperience,  and,  perhaps,  personal  opinion.  I  firmly  believe 
that  cast  steel  end  truck  is  better  than  structural  end  truck. 
I  believe  Mr.  Parkhurst  would  take  the  other  side  very  de- 
cidely.  But  when  Mr.  Egan  uses  the  cast  steel  end  truck 
on  bridge  and  trolley,  I  cannot  understand  for  the  life  of  me 
why  he  uses  structural  motor  support  for  his  bridge,  be- 
cause I  know  we  have  had  more  trouble  with  structural 
bridge  supports  than  we  have  with  structural  end  trucks, 
and  we  find  the  cast  steel  bridge  motor  support  is  of  greater 
value,  if  anything,  than  cast  steel  end  trucks. 

I  notice  that  in  the  first  specification,  Mr.  Egan  states 
that  the  crane  shall  be  known  as  an  "all-steel  crane",  and 
then  later  he  calls  for  air  furnace  iron  in  drums;  that  is  a 
little  exception  to  an  "all-steel  crane".  I  believe  air  furnace 
iron  is  right  for  drums.  He  specifies  that  the  gears  shall 
be  spur  gears.  I  think  it  would  be  very  foolish  for  the  As- 
sociation to  make  any  such  specification,  at  the  present  time 
it  is  impossible  to  get  sufficient  cutters  for  helical  gears  and 
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equip  our  cranes  with  them  entirely.  I  know  in  our  case, 
on  an  ore  bridge,  we  had  a  lot  of  trouble  with  the  gmziBK 
on  the  hoist  and  trolley,  and  finally  put  on  helical  gears  on 
this  bridge,  and  eliminated  about  half  the  trouble  with 
armatures  on  that  ore  bridge  by  the  use  of  helical  gears. 
I  know  another  plant  with  some  cranes  entirely  equtn^d 
with  helical  gears,  and  they  are  the  most  quiet  running 
cranes  I  have  ever  seen.  It  looks  as  though  they  will  show 
improvement  over  the  spur  gear.  With  spur  gear,  there  is 
a  certain  amount  of  back  lash,  a  hammering  action  there 
that  you  get  away  from  by  the  use  of  helical  gears.  I  think 
it  would  be  foolish  to  include  a  specification  which  in  the 
course  of  a  few  years  might  be  found  to  be  entirely  wrong. 

I  notice  that  Mr.  Egan  specifies  that  all  lifting  cables 
shall  be  6-strand,  37  wire  plow  steel.  I  have  found  on 
counterweighted  cranes  that  a  lang-laid  steel  rope  will  out* 
last  a  standard  steel  rope,  sometimes  as  high  as  4  to  1,  due 
to  the  fact  that  with  that  lang-laid  rope  there  is  no  action 
due  to  the  wires  crossing  one  another  as  in  the  case  in  the 
ordinary  steel  cable.  It  is  impossible  to  use  lang-laid 
rope  unless  you  counterweight,  because  the  cable  jumps  off 
the  sheaves;  but  where  it  is  a  counterweight  proposition, 
the  lang-laid  will  stay  straight  and  will  outlast  the  other 
type  of  rope. 

W.  C.  Minier:  Mr.  Zachau  has  expressed  my  convic- 
tions perhaps  better  than  I  could  myself.  It  seems  to  me 
that  specifications  coming  from  the  Association  should  be 
rather  broad  as  regards  both  design  and  material,  and  the 
user  could  be  privileged  to  incorporate  any  special  equip- 
ment to  suit  his  own  needs,  or  his  opinion  of  different  tjrpes. 

W.  T.  Snyder:  I  think  that  it  is  generally  understood 
that  anything  the  Association  puts  out  will  have  to  be  of  a 
general  nature ;  so  I  do  not  think  we  need  put  in  any  more 
time  on  that  subject.  We  would  like  to  have  different  fea- 
tures of  design  discussed.  We  would  like  to  know  from  Mr. 
Egan  why  cast  steel  end  trucks  are  better  than  structural; 
and  from  Mr.  Zachau  why  the  structural  is  better? 

E.  Friedlaender:  This  subject  has  been  discussed  at 
various  times  by  our  Association.  The  all-steel  modem 
mill-type  electric  traveling  crane  is  practically  a  product  of 
our  members.    As  mentioned  by  Mr.    Coey,    the    various 
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states  have  drawn  up  general  rules  for  the  construction  and 
safe  operation  of  cranes ;  I  was  present  at  several  meetings 
of  the  Pennsylvania  committee  appointed  by  the  Industrial 
CJonmiission,  when  such  specifications  were  discussed.  Since 
then  the  specifications  have  been  adopted  by  the  State  of 
Pennsylvania  and  have  become  a  law.  These  rules  are  very 
broad  and  cover  most  of  the  points  our  Association  has 
brought  up  in  the  past. 

The  American  Society  of  Mechanical  Engineers  has  re- 
cently discussed  those  rules  in  New  York,  and  has  adopted 
them  substantially  as  drawn  up.  I  think  our  Association 
should  do  the  same  and  not  go  too  much  in  detail.  Wheth- 
er we  specify  steel  structure  or  castings,  whether  angle-iron 
or  pipe  is  used,  spur  gears  or  helical,  etc.,  should  be  left  to 
the  discretion  of  the  purchaser. 

Referring  to  Mr.  Zachau's  remarks  about  brakes,  I  do 
not  like  to  see  electric  brakes  set  too  quickly,  as  it  puts  very 
severe  stresses  on  shafts  and  bearing  caps. 

W.  T.  Snyder :  In  regard  to  Mr.  Friedlaender's  remarks 
that  the  Association  could  not  recommend. angle  iron  or  pipe 
rail,  I  quite  agree  with  him  on  that  point.  Neither  the  As- 
sociation nor  the  Committee  should  recommend  what  the 
railing  should  be  made  of ;  but  I  see  no  objection  to  the  Com- 
mittee or  the  Association  recommending  that  a  steel  rail- 
ing be  provided  of  a  certain  height,  but  make  it  of  what- 
ever section  they  desire. 

R.  H.  McLain:  I  wish  to  make  a  few  remarks  regard- 
ing the  details  brought  out  in  Mr.  Egan's  paper. 

When  dynamic  braking  control  is  used  on  the  hoist  mo- 
tion, I  believe  it  is  advisable,  in  a  good  many  cases,  to  have 
two  solenoid  brakes  instead  of  one.  Such  a  practice  repre- 
sents in  a  measure  the  former  practice  with  cranes  of  hav- 
ing one  mechanical  load  brake  and  one  solenoid  brake.  If 
the  dynamic  braking  goes  out  of  commission,  you  have  two 
friction  brakes  left.  It  seems  to  me  that  when  two  solenoid 
brakes  are  used,  ample  safety  will  be  obtained  by  having 
each  brake  capable  of  stopping  120%  of  full  load.  Too  much 
braking  torque  is  a  disadvantage  because  of  shocks  on  the 
machinery.  Too  little  braking  torque  will,  of  course,  be 
dangerous.  I  think  it  is  advisable  to  have  a  brake  of  the 
band  type  on  the  jack  shaft  so  as  not  to  get  high  torque 
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from  this  brake  when  the  load  is  being  stopped  in  the  hoist- 
ing direction  but  get  full  torque  when  stopping  in  the  lower- 
ing direction.  The  brake,  which  is  mounted  on  the  motor 
shaft,  should  be  of  the  shoe  type  so  as  to  prevent  too  much 
coasting  in  the  hoisting  direction  and  to  get  the  other  bene- 
fits which  come  from  the  reliable  clearance  of  a  shoe  type 
brake  when  used  on  a  high  speed  shaft. 

I  have  seen  quite  a  lot  of  trouble  arise  from  the  use  of 
gravity  set  solenoid  brakes  when  the  core  of  the  solenoid 
was  allowed  to  drop  freely.  The  free  drofp  of  the  core  pro- 
duces, at  the  moment  when  the  core  strikes  bottom,  an  ex- 
tremely high  braking  torque — ^in  some  instances  ten  times 
normal — ^which  sends  a  severe  shock  throughout  the  train 
of  machinery  connecting  the  brake  with  the  load.  In  my 
opinion  there  should  be  a  dash  pot  connected  to  the  solenoid 
core  which  has  sufikient  time  element  to  eliminate  the  extra 
hammer-blow  pressure  which  comes  from  the  falling  core. 

In  regard  to  dynamic  brake  specifications,  if  I  heaid 
Mr.  Egan  correctly,  he  specified  that  a  light  hook  should 
not  be  lowered  at.200%  of  normal  speed  and  a  loaded  hook 
should  not  be  towered  at  over  100%  of  normal  speed.  It 
seems  to  me  that  you  should  lower  a  load  as  fast  as  pos- 
sible under  all  circumstances  unless  the  particular  material 
which  you  are  handling  demands  a  slow  speed.  If  the  mo- 
tor and  gearing  will  stand  to  run  at  200%  of  normal  hoist- 
ing speed  under  no  load,  there  is  such  a  slight  extra  strain 
produced  by  lowering  the  full  load  that  there  should  be  no 
disadvantage  whatsoever  in  lowering  a  full  load  at  200%  of 
normal  speed.  Such  a  practice  will  gain  time  in  the  opera- 
tion of  the  crane.  Of  course  a  controller  should  have  slow 
speed  points  which  can  be  used  for  landing  the  load.  There 
is  no  danger  of  lowering  a  slab  of  rough  material  at  50  or 
100  feet  per  minute  no  matter  what  the  hoisting  speed  might 
have  been.  On  the  other  hand,  it  might  be  advisable  with 
some  hot  metal  ladle  cranes  to  limit  the  lowering  speed  for 
safety's  sake.  I  believe  there  is  a  fallacy  in  attempting  to 
make  a  motor  lower  a  load  with  the  same  characteristics 
that  it  hoists  a  load — that  is  hoist  a  heavy  load  slowly  and 
a  light  load  fast  under  all  conditions.  The  advantage  of 
hoisting  a  heavy  load  slowly  is  that  it  saves  power  input 
into  the  crane  and  saves  in  the   motor   size.     Ordinarily 
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there  is  no  other  reason  why  a  load  should  not  be  hoisted 
much  more  rapidly  than  is  the  usual  practice — ^provided,  of 
course,  that  sufficient  slow  speed  points  are  provided  on  the 
controller  to  enable  an  operator  to  handle  his  load  convenient- 
ly. 

Another  feature  which  djmamic  braking  control  should 

have  is  that  of  bringing  the  load  to  practically  a  dead  stand- 
still before  the  solenoid  brake  is  allowed  to  set.  This  re- 
lieves machinery  of  the  shock  which  is  bound  to  come  from 
a  powerful  solenoid  brake,  and  also  relieves  solenoid  brake 
of  a  great  deal  of  wear,  thereby  leaving  it  in  good  operating 
condition  for  emergencies.  The  extra  work  which  stopping 
the  load  puts  on  a  motor  is  imperceptible. 

Mr.  Egan's  list  of  specifications,  of  course,  made  no  re- 
ference of  methods  of  choosing  the  proper  size  of  motor  to 
go  on  a  crane ;  but  I  believe  that  it  would  be  a  good  thing 
for  this  organization  to  get  out  some  kind  of  written  rules 
in  regard  to  the  selection  of  motor  sizes  for  cranes.  The 
rules  should  be  based  on  good  practical  experience  as  well  as 
mechanical  formulas.  Such  a  set  of  rules  would  serve  as 
an  excellent  guide  for  a  young  man  who  is  starting  in  to  lay 
out  cranes,  and  would  materially  assist  everyone  by  serving 
as  a  check. 

A  set  of  rules  or  specifications  in  regard  to  the  loca- 
tion of  grids  and  other  control  apparatus  which  is  likely  to 
be  affected  by  the  vibration  of  the  crane  should  prove  very 
valuable.  I  have  seen  cases  where  grids  were  so  located  as 
to  produce  a  vibration  similar  to  that  in  a  tuning  fork  which 
rapidly  crystalizes  the  grids.  The  only  effective  remedy 
was  to  change  the  location  of  the  grids. 

I  think  that  Mr.  Coey's  remarks  about  the  use  of  helic- 
al gears  are  very  timely,  especially  on  high  speed  gearing 
and  very  busy  cranes.  This  kind  of  gearing  saves  a  lot  in 
friction  losses,  eliminates  a  lot  of  noise  and  saves  a  lot  in  mo- 
tor repairs.  I  know  of  a  case  where  a  coal  bridge,  in  a  small 
town,  was  equipiped  with  spur  gears.  The  spur  gears  prov- 
ed such  a  noise  nuisance  that  the  town  passed  a  law  pro- 
hibiting their  use.  Helical  gears  entirely  relieved  the  situa- 
tion. 

C.  A.  Menk:  I  feel  a  little  like  Mr.  Friedlaender ;  it 
seems  as  though  the  state  has  taken  out  of  the  hands  of  the 


loosens  up.  I  think  that  is  quite  an  important  item.  I  do 
not  think  there  has  ever  been  very  much  said  on  that  one 
particular  feature  of  a  crane  specification. 

We  adopted  crane  specifications  a  few  years  ago  and 
have  lived  up  to  them  just  as  near  as  we  possibly  could,  and 
I  believe  in  doing  that  we  have  helped  the  builders  in  a 
great  many  ways  and  others  who  have  bought  cranes.  We 
know  it  has  been  a  good  thing  for  us,  because  it  eliminated 
certain  things  we  had  to  contend  with  in  the  old  style  of 
crane,  and  I  believe  it  more  than  justified  us  in  drawing  up 
our  specifications. 

W.  T.  Snyder:  It  occurs  to  me  that  Mr.  Friedlaender*s 
remarks  has  given  the  wrong  impression.  I  hardly  believe 
the  state  is  going  to  pass  a  law  to  tell  you  how  to  build  a 
crane.  What  they  are  trying  to  do  is  to  take  care  of  the 
safety  features  and  safe  operation  of  the  cranes.  I  believe 
that  is  as  far  as  the  state  will  go ;  beyond  that,  the  state  has 
no  business  bothering  with  it. 

Mr.  Egan  says:  "the  girders  forming  the  bridge  shall 
be  'Builder's  Standard  Design'  box  girders."    Will  he  tell 
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US  why  he   would  rather  have   box   girder   than   built-up 

girder? 

F.  J.  Brittingham:  The  object  of  this  Society  should 
be  to  take  care  of  safety  features,  and  not  tell  whether 
cast  steel  end  trucks  or  built  up  end  trucks  are  preferable. 
The  conditions  may  be  such  that  a  cast  steel  end  truck  need 
not  be  used,  and  there  may  be  cases  where  it  would  be  bet- 
ter. The  question  of  brakes  is  more  a  question  of  each 
man's  own  idea.  The  crane  builder  can  arrange  brakes  in 
almost  any  way  he  wants.  I  believe  that  a  general  specifi- 
cation should  be  drawn  up  and  simply  have  safety  features 
covered,  and  if  a  particular  design  is  required,  get  the  crane 
builder  to  figiu*e  that  way.  If  he  wants  to  take  any  ex- 
ceptions, let  him  do  so. 

W,  T.  Snyder:  I  do  not  quite  agree  with  Mr.  Britting- 
ham, on  that  brake  question.  Just  taking  that  one  point 
singly.  I  might  specify  what  kind  of  brake  I  would  like  to 
have,  and  the  brake  I  would  specify,  might  be,  in  my  judg- 
ment, the  best.  On  the  other  hand  if  the  committee  of  this 
Association  had  canvassed  the  members  of  this  Association 
and  got  recommendations  on  a  brake,  when  I  come  to  speci- 
fy the  brake,  and  I  find  the  brake  this  Association  recom- 
mends is  different  altogether  to  the  one  I  had  in  mind,  it 
would  at  least  set  me  to  thinking  and  investigating  the  other 
brake.  If  I  found  I  was  wrong,  the  recommendation  would 
have  done  that  much  good.  It  is  not  as  likely  that  recom- 
mendation would  be  wrong  as  it  would  be  likely  that  I  would 
be  wrong  in  my  own  individual  judgment. 

S.  S.  Wales:  I  haven't  a  great  deal  to  say  in  the  way  of 
criticism,  but  something  in  defense  of  the  specifications 
read  tonight.  I  cannot  recall  the  dates  but  I  remember  the 
circumstances  under  which  a  great  many  of  the  steps  were 
made.  There  are  several  representatives  of  crane  builders 
here  tonight  but  only  one  that  I  know  of  who  was  in  the 
game  when  a  crane  consisted  only  of  two  end  trucks,  two 
girders,  a  railway  motor  and  a  skeleton  trolley  with  two  mo- 
tors hung  onto  it  in  some  fashion  or  other. 

It  was  hard  to  change  a  bridge  motor  and  armature 
when  we  had  to  hang  on  to  a  greasy  rail  with  one  hand,  with 
one  foot  on  the  bottom  angle  of  the  girder,  so  we  asked  for 
foot  walks.     After  we  had  slipped  and  fallen  off  of  the  foot 
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walks,  we  put  hand  rails  around  them.  We  had  structural 
end  trucks  that  had  only  one  wheel  in  line  at  a  time  so  we 
made  them  out  of  cast  steeL  We  had  cast  iron  frames 
which  broke,  so  we  made  them  out  of  steel.  We  had  many 
cranes  with  no  two  motors  of  the  same  type,  so  we  began 
to  dictate  the  motors  to  be  used.  We  had  wooden  cabs  that 
burned  up  periodically  when  suflSciently  soaked  with  oiL 
We  had  bearings  on  shafts  that  were  babbitted  and  when 
the  babbitt  wore  out  we  had  to  rebabbit  them,  scHnetimes  in 
zero  weather,  so  we  asked  to  have  brass  sleeves  furnished. 
Then  we  squirted  most  of  the  grease  between  the  cap  and 
the  brass  sleeve  so  that  little  of  it  got  on  the  shaft,  so  we 
brought  the  boss  out  through  the  cap  and  put  the  grease 
through  it.  After  hammering  pins  out  of  end  truck  wheels 
through  the  end  trucks  and  breaking  them,  we  put  on  the 
railway  bearing  box.  So  I  could  go  through  many  more  of 
the  details  he  has  specified. 

I  do  not  believe  in  putting  in  quite  so  many  limits  if 
this  is  to  be  a  general  specification,  but  I  understand  it  was 
made  up  to  suit  his  particular  purpose  and  simply  submitted 
here  as  a  possible  guide  or  basis  for  discussion.  As  to  the 
main  features,  I  will  say  that  there  were  many  cases  when 
it  became  absolutely  necessary  in  order  to  continue  opera- 
tions, to  make  these  modifications,  and  regardless  of  what 
the  state  does  for  steel  mill  use,  they  are  nearly  all  good. 
In  going  into  the  market  for  crsines  for  machine  shop  use, 
we  can  throw  our  snecial  specifications  away  but  when  we 
need  a  crane  that  must  operate  seven  days  and  seven  nights 
a  week,  I  think  most  of  the  requirements  stated  will  enable 
our  engineers  to  sleep  better  at  night. 

W.  T.  Snyder:  The  specification  reads,  "the  drum  gear 
bore  shall  not  be  less  than  80  ^f  of  the  diameter  of  the 
drum."  I  would  like  to  ask  the  reason  for  this,  or  whether 
it  is  just  arbitrary? 

Is  it  better  to  have  a  few  large  cables  or  a  number  of 
small  cables  on  large  hot  metal  cranes. 

Eric  Zachau:  One  more  point:  motor  sizes.  The 
horsepower  rating  of  a  motor  does  not  mean  anything  un- 
less the  basis  of  rating  is  specified.  There  is  one  thing  this 
body  might  well  go  on  record  for  and  that  is  a  uniform 
basis  of  motor  rating.     We  have  today  almost  as  many  rat- 
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ings  as  we  have  motor  manufacturers  and  that  is  an  unfor- 
tunate condition.  A  50  h.p.  motor  of  one  make  may  not 
have  the  capacity  of  a  40-h.p.  of  another.  We  have  ratings 
based  on  40,  55  and  75  degrees  heating  for  periods  ranging 
from  20  minutes  to  one  hour.  We  have  one  minute  on  and 
one  minute  off  ratings  and  others.  Here,  to  my  mind,  is 
one  of  the  most  invportant  points  for  standardization. 

R.  H.  McLain:  The  American  Institute  of  Electrical 
Engineers  has  gotten  up  quite  a  complete  set  of  rules  in  re- 
gard to  ratings  of  motors,  and  I  think  it  would  be  mighty 
well  to  join  with  that  body  on  that  point.  They  are  making 
their  rules  to  apply  to  steel  mills  as  well  as  anything  else. 
They  are  uniform  rules  and  one  set  should  be  about  as  good 
as  another. 

E.  Friedlaender :  I  do  not  quite  agree  with  Mr.  Zachau 
on  the  question  of  buying  motors.  In  order  to  reduce  the 
number  of  apares,  we  not  only  ispecify  the  horsepower  of 
motors,  but  actually  state  what  type  and  make  of  motor  to 
use.  In  doing  this,  our  plant  succeeded  in  acquiring  but  a 
few  different  sizes  of  motors  on  the  last  fifty  cranes  pur- 
chased. Motors  seem  to  be  large  for  the  speeds  specified, 
but  especially  on  bridge  and  trolley  drives  we  must  con- 
sider the  abuse  the  motors  are  subjected  to. 

When  I  said  I  would  like  to  see  State  rules  adopted,  I 
did  not  mean  that  we  should  not  discuss  details.  On  the 
contrary,  I  would  like  to  have  details  thoroughly  discussed, 
but  would  not  favor  our  Association  printing  them  as  stand- 
ards unless  we  can  say  that  no  further  developments  are 
possible  in  crane  design  and  construction.  I  hardly  think 
we  are  ready  to  say  this — far  from  it.  I  hope  crane  build- 
ers will  keep  on  making  improvements  and  not  be  satisfied 
with  the  crane  of  today. 

B.  IL  Shover:  The  majority  of  electricians  have  had 
experience  with  worn-out  brake  apparatus  and  bumed^ut 
motors  caused  by  the  difficulty  of  keeping  brake  mechanism 
concentric  with  the  armature  when  motor  and  brake  are 
mounted  separately,  therefore  it  would  be  interesting  and  in- 
structive to  learn  how  Mr.  Egan  has  overcome  this  difficulty. 

The  use  of  rivets  instead  of  bolts  brought  out  by  Mr. 
Menk  is  to  be  recommended.  One  plant  which  had  high 
maintenance  costs  on  its  cranes  replaced  practically  all  bolts 


In  the  plant  of  the  Tata  Iron  &  Steel  Co.,  at  Sakchi. 
India  are  some  German  cranes  which  prob^ly  do  not  have 
over  two  thirds  the  weight  of  our  modem  "  all  steel"  type. 
In  these  cranes  material  is  used  to  the  very  best  advantage, 
the  workmanship  is  superior  to  that  on  American  cranes, 
and  the  motors  are  considerably  smaller  than  those  used  for 
similar  service  here.  They  are  operated  and  repaired  en- 
tirely by  Indian  labor  which  is  neither  as  experi«iced  nor 
efficient  as  labor  here,  yet  in  spite  of  the  lightness  of  the 
crane  and  the  character  of  the  labor,  their  reliability  and 
maintenance  will  compare  favorably  with  those  items  for 
our  most  modem  cranes  doing  similar  duty. 

An  interesting,  as  welt  as  profitable,  experiment  could 
be  made  with  two  old  (and  consequently  light)  cranes  do- 
ing the  same  work,  by  equipping  one  with  the  best  obtainable 
automatic  magnetic,  the  other  with  ordinary  hand-operated 
controllers  and  then  keeping  accurate  records  over  a  con- 
siderable period  of  the  repairs  and  lost  time  of  both.  The 
results  would  not  only  determine  the  relative  value  of  the 
two  methods  of  control,  but  might  also  give  a  basis  on  which 
to  Agure  a  crane  tighter  than  the  modem  type  which  would 
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also  give  equal  satisfaction  with  regard  to  safety,  reliability 
and  maintenance. 

It  appears  than  in  the  endeavor  to  eliminate  shut-downs, 
increased  size  of  parts  only  has  been  considered  while  the 
better  use  of  material  and  the  use  of  better  material  and 
workmanship  have  been  largely  neglected,  nor  would  it  be 
surprising  if  someone,  in  the  not  distant  future,  would  be 
courageous  enough  to  build  a  crane  along  the  lines  which 
have  made  the  automobile  such  a  success,  that  is  obtain 
strength  and  reliability  by  the  use  of  better  designs,  using 
the  most  suitable  material  in  the  most  efficient  manner, 
coupled  with  much  better  workmanship  than  is  now  con- 
sidered necessary. 

E.  J.  Schwarznau:  Our  specifications,  in  general,  con- 
form very  much  with  Mr.  Egan's  recommendations,  except 
that  we  incorporate  the  size  and  make  of  miotor  to  be  used ; 
for  the  crane  builder's  information. 

Regarding  the  size  of  brakes,  we  specify  150%  of  the 
torque  of  the  motor.  We  have  recently  adopted  shoe  brakes, 
as  we  find,  from  tests  we  have  made,  that  they  give  entire 
satisfaction. 

Regarding  end  trucks,  I  find  that  at  one  of  our  plants, 
where  we  have  very  capable  men  in  charge,  they  prefer  the 
steel  end  truck.  The  reason  for  this  is  that  they  prefer 
the  pin  type  bearing  over  the  M.C.B.  bearing.  However,  I 
believe  that  is  merely  a  matter  of  opinion  with  them.  My 
observation  has  been  that  cast  steel  end  trucks  cost  more 
than  structural  steel  end  trucks. 

Regarding  safety  ropes  for  ladle  cranes,  I  believe  we 
cannot  do  enough  in  the  interest  of  safety  on  this  t)rpe  of 
crane. 

I  can  readily  see  why  crane  manufacturers  would  object 
to  adopting  a  standard  specification  prepared  by  this  Society 
as  it  would  then  be  only  a  question  of  price  with  them.  I 
find  there  is  a  great  variation  in  the  designs  of  the  different 
cranes,  and,  although  their  standard  commercial  cranes  can 
be  used  for  light  work  such  as  machine  shop  and  warehouse 
service,  or  other  places  of  light  requirements,  yet  for  hot 
mills,  annealing  departments  and  other  places  requiring 
heavy  service,  and  where  the  operation  of  the  plant  depends 
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entirely  upon  the  crane,  we  recommend  the  mill  type  enme 
regardless  of  cost 

I  believe  that  recommendations  from  a  Society  like 
this  would  be  of  great  value  to  any  concern  when  purchas- 
ing cranes,  as  there  were  a  few  points  mentioned  here  to- 
night in  which  I  am  very  much  intereisted;  particularly 
that  of  helical  gears,  as  I  believe  they  will  be  universally 
adopted  for  this  class  of  work.  We  have  made  tests  on 
heat-treated  gears  and  find  that  they  are  very  satisfactory. 
I  find  that  the  cost  of  gears,  and  the  life  of  these  gears  is 
guaranteed  by  the  manufacturers  to  be  four  time^  the  life 
of  the  ordinary  gear.  From  this,  you  can  readily  appreciate 
that  if  the  heat-treated  gear  costs  only  20%  more  and  will 
last  four  times  as  long  as  the  ordinary  gear,  it  is  certainly 
a  good  investment. 

A.  W.  Duncan :  I  do  not  know  whether  I  can  add  any- 
thing to  what  has  been  said  along  this  line,  but  I  have  had 
considerable  experience  with  cranes,  and  had  to  smile  to  my- 
self when  Mr.  Walefi  was  talking  here  tonight,  bedause  I 
have  passed  through  some  similar  experiences  myself;  and 
I  feel  just  as  he  does,  that  in  some  way  there  has  been  won- 
derful strides  made  in  the  building  and  designing  of  cranes 
in  the  last  few  yeai^.  Since  I  have  been  here,  I  believe  I 
see  where  some  of  it  has  come  from. 

In  regard  to  crane  specifications,  would  say  I  wouldn't 
think  it  possible  for  a  body  of  this  kind  to  specify  any  me- 
thod of  building  cranes  which  could  be  adopted  for  all  ser- 
vice, because  there  are  so  many  classes  of  crane  service  and 
different  methods  of  using  cranes.  It  would  be  almost  an 
impossibility. 

I  haven't  heard  tonight  any  discussion  at  all  regarding 
alternating-current  driven  cranes,  and  I  would,  be  interested 
in  hearing  something  along  that  line. 

W.  T.  Snyder :  I  would  like  to  ask  if  there  isn't  a  field 
for  variable-speed  motor  on  cranes,  where  the  loads  handled 
are  of  variable  weights ;  for  instance,  a  machine  shop  crane, 
where  part  of  the  time  the  crane  is  working  on  light  load, 
and  another  part  on  heavy  load;  wouldn't  a  variable  speed 
motor  permit  getting  away  from  auxiliary  hoist? 

Mr.  Egan  specifies  that  grease  cups  be  used  except  on 
M.C.B.  bearings.    I  believe,  also,  there  are  places    where 
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self -oiling  bearings  could  be  used.  In  my  opinion  there 
should  be  spring  action  between  the  wheel  body  and  truck. 

J.  H.  Albrecht:  I  have  had  quite  a  good  deal  of  ex- 
perience in  designing  brake  magnets  and  it  has  always  been 
our  aim  to  get  a  snappy  acting  brake  magnet  Mr.  Fried- 
laender  tonight  has  mentioned  a  preference  for  a  slow  acting 
brake  magnet  which  is  the  first  time  I  have  heard  that  such 
a  magnet  was  preferable.  With  the  solenoid  magnets  as 
used  on  most  of  the  modem  brakes  a  slow  acting  magnet 
is  very  easy  to  obtain.  By  means  of  a  solid  copper  band 
which  serves  as  a  short  circuited  turn  or  damping  coil  on  the 
solenoid  plunger,  we  can  easily  slow  up  the  magnet  or  in- 
crease the  time  which  it  will  require  in  opening. 

R.  H.  McLain:  I  would  like  to  take  the  other  side  of 
that  argument.  It  is  very  desirable  to  have  a  brake  pick  up 
quickly,  so  you  get  started  quickly.  When  the  magnet  is 
picking  up  quickly,  it  certainly  puts  no  shock  on  the  crane 
machinery.  The  shock  is  all  on  the  magnet  itself,  and 
various  ways,  such  as  floating  top  core,  have  been  devised 
for  taking  care  of  it.  By  using  a  dash-ipot,  you  get  the 
benefit  of  the  magnet's  setting  gently  and  at  the  same  time 
picking  up  lively.  I  advocate  a  dash-pot  which  has  very 
little  dash-pot  action — ^just  enough  for  taking  the  hammer 
blow  off  and  nothing  else,  because  anything  else  it  takes  off 
will  delay  the  dropping  of  the  brake,  which  causes  loss  in 
time  and  causes  some  coasting.  It  is  a  question  of  one- 
tenth  of  a  second  rather  than  one-half  of  a  second.  A  dash- 
pot  of  a  given  size  is,  of  course,  more  dependable  when  built 
with  large  ports  for  small  time  intervals  than  when  built 
with  small  ports  for  long  intervals. 

John  Cooper:  I  agree  with  Mr.  Egan  that  we  ought 
to  have  two  brakes  on  the  hoist.  One  on  the  armature 
shaft  and  one  on  the  back  shaft,  unless  I  misunderstood  his 
paper.  He  states  the  brake  on  the  bridge  drive  must  be  on 
the  armature  shaft.  I  would  Uke  to  know  why  he  wants  it 
there,  instead  of  on  the  line  shaft? 

F.  J.  Burd :  I  would  like  to  hear  an  expression  of  opin- 
ion on  protective  electrical  appai'atus  for  cranes  with  a  view 
of  possibly  bringing  out  some  standard  combinations.  For 
instance,  when  manually-operated  controllers  are  used,  a 
crane  switchboard  may  be  employed,  mounting  an  overload 
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relay  for  each  circuit  on  the  crane,  a  mnin  knife  Bwitch,  a 
contactor  break  in  each  main  line,  a  main  overioad  relay 
and  a  safety  lockout  plug.  Also  in  a  great  naany  instances 
it  is  very  desirable  to  enck>se  and  lock  the  crane  switchboard 
in  addition  to  covering  the  other  electrical  apparatus  in  the 
cab. 

I  believe  the  Association  can  do  very  desirable  work  by 
working  up  a  set  of  suggested  standards  relating  to  control 
and  electrical  protective  apparatus  for  cranes,  l^ese  stand- 
ards could  be  extended  to  cover  the  usual  line  of  cranes  em- 
ployed in  steel  mills  with  reference  to  capacities,  speeds,  lo- 
cations, etc. 

E.  Friedlaender:  There  is  another  point  I  would  like 
to  call  attention  to,  namely,  the  question  of  safety  ropes  on 
hot  metal  cranes.  We  are  specifying  hoisting  ropes  amply 
large  but  we  should  not  overlook  the  fact  that  both  sets 
of  ropes  are  wearing  out  together.  Ropes  should  be  so  ar- 
ranged that  k>ad  is  lifted  with  one  set,  leaving  the  other  set 
practically  new  for  emergency;  we  are  then  r^ladng  one 
set  at  a  time  and  always  have  one  good  set  on  a  crane. 

With  further  reference  to  electric  brakes,  I  would  pre- 
fer having  them  release  very  quickly  but  not  set  too  quick- 
ly, especially  where  several  motors  are  geared  together  and 
working  in  parallel.  Should  one  motor  stop  ahead  of  anoth- 
er, the  gearing,  shafts  and  beiarings  will  be  subjected  to 
severe  stresses,  especially  where  powerful  electric  shoe-type 
brakes  and  dynamic  braking  are  employed.  It  is  practically 
impossible  to  have  mechanical  and  electrical  breaking  so  ad- 
justed that  all  motors  will  stop  exactly  at  the  same  instant. 
By  the  use  of  dynamic  braking,  motion  is  stopped  before 
brake  sets  and  there  is  little  danger  of  load  dropping,  even 
with  a  slow  acting  electric  brake. 

J.  H.  Albrecht:  I  would  like  to  state  that  a  damping 
coil  or  short  circuited  turn  such  as  I  previously  mentioned, 
would  not  materially  change  the  pickup  of  the  brake  magnet. 
In  fact,  the  writer  has  oscillograph  tests  to  prove  that  the 
difference  in  time  will  not  be  noticeable.  This  is  due  to  the 
fact  that  on  open  gap  the  flux  density  in  the  solenoid  core 
is  at  a  very  low  value ;  consequently  the  inductive  effect  of 
the  short-circuited  current  is  very  slight.  However,  wher 
the  magnet  core  has  sealed  the  flux  density  is  very  high. 
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usually  about  100,000  lines  per  square  inch,  and  when  the 
brake  magnet  core  attempts  to  release  from  the  pole  face 
the  inductive  effect  is  very  great  and  materially  slows  down 
the  time  of  opening.  This  is  the  effect  that  I  believe  Mr. 
Friedlaender  wishes  to  obtain.  I  do  not  agree  with  Mr. 
McLain  that  the  damage  to  the  crane  mechanism  is  due  to 
the  hammer  blow.  This  may  be  true  with  the  gravity  type 
of  solenoid  brake  but  it  certainly  is  not  true  of  modern 
spring  type  brakes.  As  I  understand  Mr.  Friedlaender's 
remarks,  he  merely  wishes  to  delay  the  action  of  the  brake 
until  the  dynamic  brake  has  practically  brought  the  crane 
drum  to  rest.  This  effect  certainly  can  be  obtained  by 
means  of  a  damping  coil  or  short-circuited  turn  on  the 
solenoid  magnet. 

R  H.  McLain:  When  the  brake  is  released  and  the 
solenoid  core  is  up  you  have  a  closed  magnetic  circuit.  The 
short-circuiting  strip  which  has  been  described  will,  under 
this  condition,  prevent  the  core  from  quickly  starting  to  fall, 
but,  once  it  starts,  the  magnetic  circuit  is  then  opened  and 
the  damping  action  practically  disappears.  The  core  can 
drop  as  freely  after  once  starting  when  provided  with  damp- 
ing coils  as  when  not  provided  with  damping  coils.  Conse- 
quently, the  objectionable  hammer  blow  of  the  falling  core 
is  not  eliminated  by  the  damping  coil  and  a  useless  waste  of 
time  is  introduced.  Now,  if  a  dash-ipot  is  used,  it  does  not 
prevent  the  core  from  starting  to  fall  but  does  retard  the 
fall  of  the  core,  thus  relieving  the  hammer  blow.  To  illus- 
trate, let  us  assume  a  brake  in  which  the  down  stroke  of  the 
solenoid  core  is  two  inches.  If  damping  coils  are  used,  the 
damping  action  will  be  very  effective  throughout  the  first 
one-eighth  of  an  inch  of  the  fall  but  during  the  last  one  and 
seven-eighth  inches  it  will  be  practically  ineffective,  thus 
allowing  the  hammer  blow.  Whereas,  if  a  dash-pot  is  used 
it  will  retard  the  falling  of  the  core  throughout  the  entire 
two  inches  and  will  eliminate  the  hammer  blow. 

F.  B.  Crosby :  My  remarks  will  be  somewhat  in  nature 
of  an  announcement.  The  possibilities  of  standardization 
of  steel-mill  practice  in  electrical  matters  has  been  of  great 
personal  interest  to  me  for  a  number  of  years.  After  re- 
ceiving official  notification  of  this  meeting  I  learned  of  a 
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movement  instigated  by  prominent  representatives  of  sev- 
eral of  the  larger  engineering  associations  in  this  country. 

Through  the  efforts  of  these  societies  a  vast  amount  of 
technical  data  has  been  compiled.  Much  of  this  data  is  of 
value  to  members  of  more  than  one  society  as  evidenced  by 
the  over-lapC)ing  efforts  of  their  several  standardization  eomr 
mittees. 

Recognizing  the  great  loss  of  time  and  energy  resulting 
from  lack  of  co-operation  and  adequate  means  of  disseminat- 
ing the  data  at  hand,  Mr.  P.  Junkersfeld  of  the  Chicago 
Commonwealth  fidison  Co.,  arranged  for  an  informal  meet- 
ing of  representatives  of  several  Engineering  Associations. 
Through  the  courtesy  of  a  mutual  acquaintance  and  by  vir- 
tue of  my  membership  on  the  Standardization  Conmtiittee  of 
this  Association  I  was  privileged  to  be  present  at  the  meet- 
ing held  Friday,  Dec.  15,  1916  in  the  Engineering  Societies 
Building,  New  York. 

The  following  Associations  were  represented  at  this 
meeting : 

American  Electric  Railway  Engineering  Association. 
American  Institute  of  Electrical  Engineers. 
Association  of  Edison  Illuminating  Engineers. 
National  Electric  Light  Associ!ation. 
Electric  Power  Club. 

Also  unofficially  represented : 

American  Society  of  Mechanical  Engineers. 

Association  of  Iron  &  Steel  Electrical  Engineers. 

Mr.  Junkersfeld  was  unanimously  elected  chairman  of 
the  meeting  which  then  named  itself  a  "Conference  Com- 
mittee of  Co-operation  on  Technical  Subjects".  The  scope 
of  the  Committee  was  defined  as  follows : 


"The  object  of  the  Committee  is  to  eliminate  so  far  as  possible 
the  unnecessary  duplication  of  technical  work  by  various  associations." 


Briefly  the  following  recommendations  were  drawn  up 
for  consideration  of  the  several  associations  represented: 

a.  Provision  for  joint  representation  between  the  technical  com- 

mittees of  the  several  associations  when   working   on   the 
same,  or  related,  subjects. 

b.  Mutual  assistance  volunteered  where  feasible. 
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c.  Appointment  of  Technical  Committees  in  Associations  not  al- 

ready provided  with  same. 

d.  Provision  for  rendering  accessible  to  membership  of  interest- 

ed Associations  the  findings  of  these  joint  committees. 

If  these  tentative  plans  for  organization  of  a  per- 
manent committee  meet  with  approval,  this  committee  may 
ultimately  become  one  of  the  lesser  working  units  of  a  Na- 
tional Engineering  Standards  Committee  similar  in  its  scope 
to  the  very  successful  Engineering  Standards  Committee 
which  hais  made  substantial  growth  during  the  past  nine 
years  in  England. 

The  recommendations  of  the  self-appointed  Committee 
which  met  in  New  York  the  15th  will  be  formally  presented 
to  your  Secretary  at  an  early  date. 

Personally  I  believe  it  will  be  greatly  to  the  advantage 
of  this  Association  to  identify  itself  with  this  important 
movement  toward  closer  co-operation  in  standardization  of 
electrical  practice  and  equipment. 

F,  D.  Egan :  There  are  quite  a  number  of  questions  to 
take  up,  which  I  will  endeavor  to  reply  to  as  they  come. 

Evidently  the  impression  was  received  during  the  read- 
ing of  the  paper,  that  it  was  offered  as  standard  of  the  Asso- 
ciation. The  specification  was  not  meant  in  that  way,  al- 
though the  announcement  card  might  imply  that.  It  is  a 
specification  as  used  by  the  Pittsburgh  Crucible  Steel  Co., 
and  I  was  not  offering  it  in  any  way  as  a  standard  of  the  As- 
sociation, but  simply  as  a  basis  for  discussion  or  argument. 

In  a  general  way,  there  was  a  good  deal  of  criticism  on 
going  into  detail.  Companies  which  have  been  buying  a 
number  of  cranes  and  those  who  have  had  experience  on 
checking  drawings  and  have  had  a  number  of  cranes  built, 
you  will  always  find  have  a  detail  specification,  and  they 
try  to  adhere  to  it.  In  most  cases  they  ask  to  have  draw- 
ings submitted  for  approval.  If  you  don't  have  detail  speci- 
fications, you  might  as  well  tell  the  builder  you  want  a  crane, 
for  you  will  get  what  he  desires  to  give  you,  unless  you  have 
specifications.  I  know  this  from  experience  on  a  number  of 
cranes  that  were  purchased,  and  I  guess  everybody  who  has 
bought  cranes  has  had  the  same  experience. 

Mr.  Zachau  asked  why  we  preferred  cast  steel  end 
trucks  to  structural  trucks.    It  might  be  personal  experi- 
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ence.  My  experience  on  structural  truck  on  heavy  mill  duty» 
where  the  runways  get  out  of  alignment,  I  have  always  felt 
the  cast  steel  emi  truck  gave  better  satisfaction  and  kept 
operating  more  continuously  than  structural  trucks. 

There  is  also  a  question  about  dimensions  of  crane.  Hie 
only  question  in  reference  to  clearance,  other  thah  asking 
the  builder  to  supply  information  as  to  purchase,  etc,  was 
that  the  walk  apposite  the  line  shaft  be  6'-6"  below  the  bot- 
tom chord  in  the  building.  With  a  clearance  of  6'  from  the 
bottom  chord,  a  man  is  liable  to  have  his  head  come  in  con- 
tact with  the  bottom  chord. 

Why  two  motors  are  specified  on  ladle  cranes  ?  Origin- 
ally with  one  motor,  if  you  broke  a  gear  on  the  drive,  you 
dropped  the  load.  The  company  that  built  that  crane  is 
now  equipping  them  with  two  motors,  so  that  breaking  a 
gear  or  shaft  will  not  allow  the  load  to  drop.  Where  size 
of  motors  are  considered,  each  motor  should  be  capable  of 
handling  full  load. 

In  regard  to  brown  positive  prints,  in  our  general  speci- 
fication, we  state  "that  a  set  of  brown  positive  prints  with 
all  details  shall  be  supplied  before  final  payment  is  made." 
It  is  my  experience  with  engineering  firms  or  crane  builders 
that  if  you  go  ahead  and  make  the  final  payment,  you  won't 
get  your  brown  positive  prints.  If  you  hold  up  the  money, 
you  will  be  able  to  get  the  accounting  department  after  the 
drawing  room,  with  the  result  that  the  brown  prints  will 
come  forward  on  time. 

Mr.  Coey's  question,  why  structural  bridge  motor  brack- 
ets and  not  cast  steel?  We  haven't  had  any  trouble  with 
structural  supports ;  we  use  possibly  50.  We  originally  had 
some  trouble  with  the  motor  supports  where  they  were  bolt- 
ed to  the  girders  but  after  reaming  the  holes,  we  experienced 
no  further  trouble.  On  the  trolleys,  we  use  wherever  pos- 
sible, cast  steel  motor  support. 

Mr.  Shover  brought  up  the  question,  why  brake  solenoid 
should  be  supix)rted  on  separate  base.  We  were  using 
band  brake  with  independent  solenoid  and  followed  the  con- 
struction of  the  crane  builder,  using  cast  steel  motor  sup- 
port and  mounting  the  solenoid  on  this  casting.  Should  we 
use  another  type  of  brake,  we  might  change  this  arrange- 


DISCUSSION:    CRA  NE  SPECIFIC  A  TIONS  777 

ment.     We  can  except  a  point  in  our  specification  without 
changing  our  general  specification. 

On  the  question  of  drum,  we  specify  cast  steel  or  air 
furnace  iron. 

On  the  question  of  spur  gearing,  Mr.  Coey  stated  on 
account  of  his  experience  on  ore  bridges,  he  is  using  helical 
gears.  This  is  not  an  ore  bridge  specification.  On  ore 
bridges,  skip  hoist  or  mill  drive,  we  specify  herringbone 
gears. 

As  regards  our  specification,  we  have  never  felt  in 
writing  our  crane  specification  that  it  had  reached  ultimate 
perfection;  we  revise  it,  possibly,  every  six  months  or  a  year. 
The  original  specification  which  we  drew  up  when  our  com- 
pany was  organized  in  1911  has  been  revised  a  number  of 
times,  and  we  will  continue  to  revise  it.  Whenever  a  crane 
builder  or  any  company  suggests  what  we  consider  a  good 
point,  we  revise  our  specification  and  take  advantage  of 
the  change.  A  clause  in  here  was  taken  from  the  Carnegie 
Steel  Co.  specification,  and  the  basis  of  this  specjjAc^tion 
goes  back  to  the  1907  specification  of  the  Associatiph  of 
Iron  &  Steel  Electrical  Engineers. 

Lang-laid  ropes :  It  is  rather  a  small  matter  in  a  gen- 
eral specification.  We  have  a  number  of  counterweighted 
cranes,  pit  cranes  and  strippers,  and  have  experienced  no 
trouble  with  standard  ropes.  My  experience  has  been  that 
it  is  not  a  question  of  lang-laid,  6  strand,  37  plow  steel 
ropes,  or  crucible  steel  ropes ;  it  is  more  a  question  of  secur- 
ing any  kind  of  rope.  Where  we  specify  5  strand  37  wire, 
we  would  not  hold  up  a  crane  on  that  account  at  the  present 
time,  if  it  is  not  obtainable. 

In  answer  to  Mr.  Minier's  question,  this  specification 
is  not  meant  to  come  from  the  Association. 

Mr.  Friedlaender  stated  at  first,  he  did  not  think  we 
should  have  a  standard  specification  of  the  Association ;  that 
we  possibly  could  use  the  specification  as  laid  down  by  the 
State  Association.  In  general,  the  state  specification  does 
not  go  into  detail,  but  I  feel  the  specification  of  the  Carnegie 
Steel  Co.  covers  everything  that  is  covered  by  Pennsylvania 
State  Specification.  As  has  been  stated,  material  for  the 
specification  as  laid  down  by  the  State  of  Pennsylvania  has 
been  taken  from  the  Association  specification. 
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Also  the  question  of  detail :  If  anyone  would  examine 
the  Carnegie  Steel  specification,  they  would  find  it  very 
much  in  detail 

Tlie  design  of  the  girder  has  been  brought  up.  We 
state  ''that  the  girders  forming  the  bridge  shaU  be  builder's 
standard  design  box  girders  and  that  the  top  cover  plates 
of  girders  shall  be  suitably  supported  to  prevent  bending 
under  the  trolley  load."  It  is  the  top  cover  plate  we  ob- 
ject to  bending  and  not  the  girder  proper. 

In  reference  to  the  question  of  wheel  loads  and  bearing 
pressures,  we  state,  ''maximum  wheel  loads  for  two  wheel 
trucks  shall  not  be  over  60,000  lbs.  Pressure  of  the  bridge 
truck  wheel  journals  shall  not  exceed  750  lbs.  per  sq.  in." 
The  bearing  pressure  can  be  changed  by  changing  the  length 
of  the  bearing ;  allowing  the  wheel  load  to  remain  the  same 
750  lbs.  per  sq.  in.  projected  area  of  the  track  wheel  pin. 

A  number  of  speakers  brought  up  the  question  of 
brakes  and  the  setting  of  brakes.  We  are  operating  a 
crane,  and  are  usiog  the  old  style  band  brake,  a  style  which 
has  objections  when  used  on  an  ordinary  crane,  due  to  the 
fact  that  when  hoisting,  it  will  not  hold  the  load,  yet  when 
used  on  the  new  style  ladle  crane,  this  objection  has,  in  my 
mind,  proven  an  advantage.  We  have  been  running  about 
eight  months  with  this  design  and  haven't  changed  a  bolt 
on  the  hoist  machine. 

Mr.  McLain  brought  up  the  question  of  two  brakes. 
Another  fallacy  we  run  into  in  considering  the  work  that  a 
ladle  crane  does,  we  always  hear  a  majority  speak  of  the 
lowering  of  hot  metal.  If  you  will  notice  the  cycle  in  the 
different  open  hearths,  not  once  in  a  hundred  times,  do  you 
lower  the  ladles.     It  is  always  hoisted  and  then  poured. 

Mr.  McLain  brought  up  the  question,  whether  there 
was  not  some  method  of  calculating  the  size  of  motors. 
There  was  a  paper  presented  by  Mr.  Wales  before  the  En- 
gineers' Society  of  Western  Pennsylvania  about  twelve  years 
ago  discussing  that  subject.  Those  formulas  you  will  find 
in  almost  any  hand-book. 

Mr.  Snyder's  question,  why  box  girders  and  not  struc- 
tural? That  might  be  based  on  personal  experience. 
Where  you  have  a  crane  operating  at  high  speed  and  be- 
ing reversed  rapidly^  the  box  girder  type  is  more  rigid  and 
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a  greater  speed  can  be  obtained  on  the  bridge  with  the  box 
type  than  with  the  built  up  type  of  girder. 

Mr.  Snyder  also  asked  why  80%  was  used  in  design 
of  drum  bore.  Some  of  the  old  type  cranes  had  the  drum 
between  two  journals  with  the  gear  overhung;  the  shaft  in 
some  cases  would  be  about  4-I/2"  in  diameter,  with  this  ar- 
rangement the  pressure  on  the  key  would  be  higher  than  a 
case  where  the  diameter  of  the  gear  was  greater,  the  pres- 
sure on  the  key  will  be  inversely  proportional  to  the  in- 
crease in  gear  diameter. 

Answering  the  following  questions:  First,  why  cast 
steel  gear  cases?  Second,  why  feather  keys  between  bear- 
ings? Third,  the  use  of  iron  caps  as  a  standard  construc- 
tion? My  experience  has  been  that  cast  iron  gear  casings 
break  in  changing  and  cases  made  of  boiler  plate  generally 
got  out  of  shape,  and  for  that  reason,  we  decided  to  use 
cast  steel  gear  cases.  Where  we  specify  "feather  keys  shall 
be  used  in  all  cases  where  gears,  brake  wheels,  etc.,  are 
located  between  two  adjacent  bearings";  this  is  specified 
due  to  the  fact  that  if  the  keys  are  not  of  a  feather  type 
that  they  will  work  out  of  the  case  and  cut  the  face  of  the 
adjacent  bra'sses.  The  cranes  originally  furnished  by  the 
Morgan  Engineering  Co.  had  cast  iron  caps  and  in  a  great 
number  of  cases,  after  breaking,  these  have  been  replaced 
by  cast  steel  caps.  In  using  dynamic  braking,  it  was  a  ques- 
tion with  us  whether  or  not  we  would  have  occasion  to  go 
back  and  use  the  old  style  load  brake.  We  had  our  original 
cranes  designed  with  this  in  view  but  so  far  have  been  very 
thankful  to  feel  that  we  have  never  had  occasion  to  install 
another  load  brake.  On  our  later  designed  cranes,  we  made 
no  provision  to  allow  for  the  installing  of  a  load  brake. 

The  question  has  been  brought  up  a  number  of  times 
this  evening  in  reference  to  whether  it  would  be  advisable 
to  use  safety  ropes  or  not.  From  personal  experience,  in 
operating  a  ladle  crane,  after  seeing  a  number  of  accidents, 
I  would  feel  that  it  would  be  criminal,  as  well  as  not 
safe,  to  install  a  ladle  crane  that  was  handling  any  sort  of 
hot  metal  without  using  safety  ropes. 

Mr.  Wales  spoke  in  a  rather  humorous  way  of  the  caus- 
es of  the  development  of  the  present  style  design  of  crane, 
in  which  he  outlined  the  reason  for  a  number  of  the  changes 
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that  we  have  since  adopted  as  standard  crane  practice. 
Wish  to  say  that  while  Mr.  Wales  was  superintendent  of 
the  electrical  department  at  Homestead,  during  the  develop- 
ment of  the  change  in  the  specifications,  I  occupied  one  of 
the  lower  positions  in  his  organization.  I  might  say  that  I 
was  one  of  the  men  that  got  down  on  the  girders  to  change 
shafts  and  in  fact  was  one  of  the  men  he  refers  to  as  falling 
off  the  crane,  due  to  no  safety  platform;  and,  from  that 
time  I  have  been  a  great  advocate  of  safety.  In  operating 
ladle  cranes  in  those  days,  we  used  to  say  a  prayer  be- 
fore pouring  a  heat,  trusting  that  it  would  be  carried  out 
successful  without  the  dropping  of  the  ladle,  and  in  case  of 
an  accident  there  was  little  show  for  the  operator  as  it  was 
impossible  to  get  out  of  the  cage  and  no  safety  platforms 
or  walks  were  provided  for  his  escape.  There  was  an  at- 
tempt made  to  get  around  this  point  by  installing  cabs  on 
both  ends  of  the  ladle  cranes.  This  was  needed  in  the  old- 
er mills  due  to  the  arrangement  of  the  open  hearth  building 
having  parallel  rows  of  furnaces.  Ladles  would  have  to  be 
lifted  at  both  ends  of  the  cranes. 

I  also  did  some  of  the  babbitting  in  zero  weather  and 
from  that  time  on  was  an  advocate  of  the  use  of  brass  shells 
on  line  shafts,  etc.  We  had  cast  iron  trucks,  having  the 
bearing  caps  held  down  with  stud  bolts,  the  original  de- 
sign calling  for  bolts  about  %"  in  diameter  and  after  these 
were  pulled  out,  we  kept  on  reaming  out  the  holes  and  in- 
creasing the  size  of  bolts  up  to  about  1-V4"  and  then  asked 
for  a  new  truck.  On  some  of  the  old  style  ladle  cranes 
when  it  was  necessary  to  change  the  shaft,  we  would  send 
for  the  riggers  to  erect  a  scaffold  and  it  would  require  any- 
where from  six  to  twenty-four  hours  to  change  a  master 
shaft  that  would  pass  through  a  solid  bearing  in  the  side 
of  the  truck.  This  is  one  of  the  reasons  we  asked  for  bear- 
ings with  split  linings  and  the  ability  to  lift  out  any  shaft 
without  disturbing  any  other  shaft  on  the  crane.  We  have 
been  operating  our  ladle  cranes  about  3-\4  years  and  we 
have  never  had  occasion  to  feel  that  our  safety  ropes  were 
called  into  action,  yet  I  cannot  feel  that  the  installing  of 
the  safety  ropes  was  a  poor  investment. 

The  question  of  wear  on  ropes  was  brought  up.     Might 
say  that  we  designed  our  hoist  with  a  safety  factor  of  8 
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and  we  tried  to  avoid  reverse  bends  in  the  ropes  wherever 
possible.  We  have  ladle  cranes  on  which  we  have  ropes  op- 
erating 2- 1/2  years.  The  proper  comparison  cannot  be  made 
between  the  life  of  the  ropes  in  two  different  plants  as  one 
may  handle  a  greater  tonnage  than  the  other.  It  would  be 
better  to  compare  life  of  ropes  on  the  basis  of  tonnage  rath- 
er than  time.  On  the  new  ladle  crane  that  we  installed 
about  eight  months  ago,  we  have  cut  down  the  diameter  of 
the  ropes  and  have  increased  the  number  and  I  believe  that 
we  will  benefit  in  the  life  of  the  ropes  due  to  this  change. 
In  reference  to  the  hooks  for  handling  ladles,  would  say  that 
we  originally  used  forged  steel  hooks  but  are  now  using 
laminated  hooks  designed  from  plates. 

By  taking  up  the  following  questions  when  the  build- 
ings are  being  designed,  a  great  deal  of  time  and  labor  can 
be  saved  by  submitting  to  the  bridge  company  details  for 
the  erection  of  posts  for  lights,  drilling  of  the  girders  for 
collector  bar  supports,  bumpers,  safety  platforms  and  walks, 
etc.  Steel  buildings  are  generally  quoted  on  a  pound  price 
basis  and  the  punching  of  these  holes  would  cost  nothing  if 
arranged  for  when  the  buildings  are  purchased  but  if  not 
cared  for  at  that  time,  it  will  be  rather  costly  to  do  this 
work  in  the  field. 

In  all  buildings  we  provide  a  foot-walk  the  full  length 
oi  the  runway  on  both  sides.  We  find  it  veiy  convenient 
JC  a  crane  breaks  down  at  some  point  in  the  middle  of  the 
building.  We  also  have  journal  box  platforms  which  are  at- 
tached to  the  building  girders  at  two  or  three  points  in  the 
building.  These  platforms  are  3-V2  feet  below  the  center 
line  of  the  bridge  truck  wheel  shafts. 

Another  question  that  should  l>e  considered  in  the  de- 
sign of  the  building  is  proper  size  of  girders  and  runway 
rails.  I  know  a  number  of  cases  where  the  cranes  have 
had  to  take  over  the  troubles  of  improper  design  in  the 
buildings,  that  is  the  rails  and  girders  are  too  light  allow- 
ing runways  to  get  out  of  line.  In  our  soaking  pit  build- 
ing we  are  using  rails  175  lbs.  to  the  yard,  and  in  3-14  years 
of  service,  we  have  not  changed  a  track  wheel  or  a  brass 
and  are  still  operating  with  the  original  wheels  as  furnished 
by  the  crane  builder  on  our  pit  cranes.     This  is  not  due  to 
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the  design  of  the  crane  but  rather  to  the  design  of  the  bnildr 
ing  and  the  runway. 

In  answer  to  Mr.  Duncan's  question,  why  a-c.  cranes 
were  not  discussed?  According  to  our  specifications,  all 
controllers,  motors  and  brake  solenoids  will  be  supplied  by 
the  purchaser.  We  might  buy  a-c.  or  d-c.  but  this  does  not 
concern  the  crane  manufacturer  in  any  respect  other  than 
the  number  of  conductor  bars. 

Mr.  C!ooper's  question  of  why  we  mounted  the  brake  on 
the  armature  shaft  and  not  on  the  line  shaft  of  bridge 
drive  ?  The  motor  reduction  on  a  bridge  drive  is  about  4-Vi 
to  1  and  as  the  pounds  pull  on  the  brake  band  is  proiwrtion^ 
ate  to  the  decrease  in  speed,  you  have  to  have  large  brake 
band  or  excessive  pressure  applied  to  stop  your  crane,  and  for 
this  reason,  we  have  found  it  better  to  have  the  brake  wheel 
on  the  armature  shaft. 

On  this  type  of  crane,  we  have  specified  dynamic  brak- 
ing with  two  band  brakes,  one  on  each  of  the  armature  and 
jack  shafts,  for  the  following  reasons:  If  one  brake 
goes  out  of  commission,  a  crane  can  be  operated  until  it  is 
repaired,  but  we  operate  our  cranes  with  brake  band  on  the 
jack  shaft  materially  looser  than  the  armature  brake  band, 
as  we  have  found  that  when  an  armature  brake  went  out 
of  commission  and  the  jack  shaft  brake  set  tight  there  was 
a  possibility  of  twisting  the  jack  shaft. 

In  four  years  with  dynamic  braking  cranes,  we  have 
not  had  a  single  case  of  trouble  where  we  let  the  load  run 
away,  due  to  failure  of  dynamic  brake. 

On  some  cranes  we  are  working  on,  we  do  not  intend 
to  put  two  brakes  on,  but  will  use  a  shoe  brake  on  the  arma- 
ture shaft. 

On  all  ladle  cranes,  I  would  positively  use  two  brakes 
on  each  hoist  drive.  Four  brake  bands;  one  on  each  arma- 
ture shaft,  and  one  on  each  intermediate  shaft,  and  these  of 
band  type. 
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CHURCHILL.  ARTHUR  B.,  Elec.  Supt.,  American  Bridge  Co.,  Am- 

hridffo,  Pa.    Res.,  126  Park  Road.    Oct.  13,  1913. 
COBBLKDICK.  MKLVILLE  W.,  Elect.  Eng'r.,  Republican  Iron  &  Steel 

Co.,  Younffstown,  O.    Res..  148  East  Marion  Ave.    Mar.  23,  1914. 
COEY,  S.  C  Ass't.  Supt.  Mech'l  &  Elect'l  Dept.,  Youngstown  Sheet 

&  Tub:-  Co.,  Youngstown,  O.     Res.,  258  Non^'ood  Ave.,  Youngs- 
town, O.    May  2,  1914. 
COLLLVS,  PALMER.  Asst.  Supt.,  American  Steel  &  Wire  Co.,  South 

Works.  Worcester.  Mass.    Res.,  78  Richmond  Ave.    Dec.  8,  1911. 
CONOVER.  HUGH  B.,  Supt.  Elect.  Dept.,  Carnegie  Steel  Co.,  Mingo 

Junction,  O.     Ros..  1446  W.  Market  St.,  Steubpnville,  O.     July 

1,  19i:i. 

CONRAD.  CHAS.   W..   E.   E.,   Remington  Arms  Co.,   Eddystone,   Pa. 

IJt)x  11)7.  Ridley  Park.  Penna.     Nov.  18,  1916. 
('C)OIVinK,  IJKNMAMIN  G..  Chf.  ElecCn.  United  St-el  Co.,  Canton,  O. 

April  2r,.  1909. 
COOMP,S.  p..  v.,  Supt.  Elect.  Dept..  Aliqui[>pa  Works.  Jones  &  Laugh- 

lin   Steel   (^o..  Woodlawn.  Pa.     Res.,  4'M    Highland  Ave.     May 

2.  1914. 

(X)OPER,  JOHN  E..  Chf.  Elec'n..  Carnegie  St-el  Co.,  Bellaire  Stoel 
Works  <^'  Furnaces.  Rollaire.  O.  Res.,  4^526  Harrison  Street. 
Oct.  1.  1910. 
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CORBETT,  CHARLES  L.,  Chf.  Elec'n,  Carnegie    Steel    Co.,    Upper 

Union  Mills,  33rd  St.,  Pittsburgh,  Pa.    Res.,  7909  Maderia  St. 

Feb.  3,  1912. 
CORNWELL,  B.  A.,   Engr.   Elec.   Dept.,  Carnegie    Steel    Co.,    Ohio 

Works,  Youngstown,  O.     Res.,  18  W.   Evergreen  Ave.     April 

10,  1915. 
COX,  HARRY  A.,   M.  M.,  Carn.3gie  Steel   Co.,  Donora  Zinc  Works, 
Doncra,  Pa.    Res.,  1328  Meldon  Ave.    P.  0.  Box  603.    Apr.  26, 1907. 
CRAIGLOW,  HARRY  H.,     Plant  Engr.,  The  Buckeye  Steel  Castings 

Co.,  Coldmbus,  0.    Res.,  716  Wilson  Ave.    May  20,  1916. 
CRONK,  H.  C,  Chf.  Elec'n.,  care  River  Fee.  Co.,  Steel  Dept.,  4002 

Dille  Av.2.,  Cleveland,  0.     Res.,  2276  Grandview  Ave.,  Shaker 

Heights.     Dec.  8,  1912. 
DAVENPORT,   EDWARD   L.,  Asst.   Chf.   Eloc,   Carnegie   Steel   Co., 

New  Castle,  Pa.    March  17,  1917. 
DAVENPORT,   R.   B.,   Supt.    Elect.   Dept.,  Carnegie   Steel   Co.,  New 

Castle,  Pa.    Res.,  412  Garfield  Ave.    Apr.  26,  1907. 
DAVIS,  H.  E.,  Chf.  Elec,  Interstate  Iron  &  Steel  Ca.,  East  Chicago, 

Ind.    Res.,  707  144th  St.,  East  Chicago,  Ind.      March  17,  1917. 
DAVIS,  JOHN   B.,  M.  M.,  American   Steel    Foundries  Co.,  36th  St. 

&  A.  V.  R.  R.,  Pittsburgh,  Pa.     Rss.,  318  Lincoln  Ave.     May 

20,  1916. 
DELANEY,  JOHN  S.,  Chf.  Elect'n,  Steel  Mill  Dept,  Nat'l  Enamelling 

&  Stamping  Co.,  Granite  City,  111.    Res.,  2138  State  St.,  Granitn 

City,  111.    June  13,  1914. 
DEWILER,  W.  FRANK,  Asst.  to  Gen'l.  Supt.,  Allegheny  Steel  Co., 

Tarentum,  Pa.     Res.,  1121  Park  St.     Oct.  1,  1910. 
DONOVAN,  JAS.  D.,  Supt.  Elec.  Dept.,  Central  Steel  Co.,  Massillon, 

0.    Res.,  1214  State  St.     March  17,  1917. 

DUNCAN,  ALLEN  W.,  Elect.  Sup't,  Phillips  Sheet  &  Tin  Plate  Co., 
Wierton,  W.  Va.     Res.,  Box  33,.     March  18,  1916. 

EGAN,  F.  D.,  Steam  &  Elect.  Eng'r.,  Pittsburgh  Crucible  Steel  Co., 
Midland,  Pa.    Res.,  Beaver  Ave.    March  2,  1912. 

EGAN,  LEONARD  W.,  Asst.  Steam  &  Elect.  Engr.,  Pittsburgh  Cruci- 
ble Steel  Co.,  Midland,  Pa.    May  20,  1916. 

EICHELBERGER,  J.  C,  Engr.,  Pittsburgh  Crucible  Steel  Co.,  Midland. 
Pa.     March  17,  1917. 

FAIRGRIEVE,  A.  C,  Chief  El«ct'n.,  Carnegie  Steel  Co.,  Upper  & 
LDwer  Union  Mills,  West  Federal  St.,  Youngstown,  0.  Res., 
67  Elmwood  Avenue,  Youngstown,  O.    Oct.  24,  1911. 

FARNSWORTH,  W.  H.,  Asst.  Chf.  Elec,  The  Youngstown  Sheet  & 
Tube  Co.,  Yoiingstown,  O.    March  17,  1917. 

FARRINGTON,  JAMES,  Supt,  Elect.   Dept,   La  Belle  Iron  Works. 

Steubenville,  O.    Res.,  322  Clinton  St.    Apr.  26,  1907. 
FIXTER,  WALTER,  Elec.  Foreman,  Baldwin  Locomotive  Works,  1518 

Mt.  Vernon  St.,  Philadelphia,  Pa.    March  17,  1917. 
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FOX,  GORDON,  E.  E.,  Mark  Mfg.  Ck>.,  2108  Omway  Bldir«»  Ghieago, 

m.    Sept.  18, 1916. 
FRIEDLAENDER,  E.,  Supt  Elect  Dept,  Carnegie  Steel  Co.,  Edgar 

Thomson  Works,  Braddock,  Pa.     Res.,  6544  Darlington  Soad, 

Pittsburgh,  Pa.   June  1, 1909. 
FRIES,  J.  E.,  Chf.  Elect  Engr.,  Tennessee  Coal,  Iron  &  R.  R.  Co., 

Ensley,  Ala.    Res.  1484  Milner  Crescent,  Birmingham,  Ala.    Oct 

21, 1916. 
GALBREATH,  L.  F.,  Elect  Eng'r.,  West  Penn  Steel  Co.,  Bracken- 
ridge,  Pa.    Res.,  50  Vine  Street,  Natrona,  Pa.    Oct  1,  1910. 
GALE,  R.  F.,  E.  E.,  Midvale  Steel  Co.,  Philadelphia,  Pa.    Res.,  6081 

Knox  St.,  Germantown,  Pa.    Feb.  17,  1917. 
GERHARDT,  R.  B.,  Supt  Elec.  Dept,  Bethlehem  Steel  Co.,  Maryland 

Plant,  Sparrows  Point,  Md.    Res.,  619  C  St    Sept  9,  1916. 
GHOSH,  S.,  Chf.  Elect'n.,  TaU  Iron  &  Steel  Co.,  Ltd.,  Sakchi,  India. 

Aug.  14,  1915. 
GILLIS,  J.  P.,  Chief  EIngr.,  McKeesport  Sheet  A  Tin  Plate  Co.,  Mc- 

Keesport,  Pa.    Res.,  Box  286,  E.  McKeesport    Jan.  15,  1916. 
GILSON,  BARNEY  W.,  Elect.  Supt,  Carnegie  Steel  Co.,  Ohio  Woiks, 

Youngstown,  O.    Res.,  Cor.  Lora  &  Ford  Aves.    Oct  1, 1910. 
GLEDHILL,  JOHN  H.,  E.  E.,  Baldwin  Locomotive  Wks.,  Philadel- 
phia, Pa.    Res.,  1164  Wagner  Ave.    Nov.  18,  1916. 
GRAY,  CHAS.  H.,  M.  M.  A  Chf.  Elec.,  Ft.  Pitt  Steel  Casting  Co.,  Mc- 

Keesport,  Pa.    Res.,  3320  Versailles  Ave.    Sept.  18,  1916. 
HALL,  W.  S.,  E.  E.,  South  Wks.,  Illinois  Steel  Co.,  So.  Chicago,  111. 

Feb.  17,  1917. 
HANEY,  G.  W.,  Chief  Elect.,  Bilier  Hill  Steel  Co.,  Youngstown,  O. 

March  18,  1916. 
HARPER,  CHAS.  W.,  Chf.  Elec,  Keystone  Steel  &  Wire  Co.,  Peoria. 

111.    Res.,  515  Glen  Oak  Ave.    Sept  7,  1916. 
HATTON,  MERLE  W.,  M.  M.,  Mesta  Machine  Co.,  Homestead,  Pa. 

Res.,  404  10th  St.,  Munhall,  Pa.    March  18,  1916. 
HAZEN,  COMER  D.,  Chief  Elect'n.,  Coke  Plant,  Illinois  Steel   Co., 

Gary,  Ind.    Res.,  University  Club.    Dec.  16,  1911. 
HEALEY,  G.  T.,  Chf.  Elect'n.,  Steel  Works,  American  Steel  &  Wire 

Co.,  Cleveland,  O.     Feb.  26,  1912. 
HELANDER,   LINN,  Foreman,   Engineering  Test  Dept,   Pittsburgh 

Crucible  Steel  Co.,  Midland,  Pa.    Res.,  Box  574.    March  17,  1917. 
HENDERSOxV.  SAMUEL  L.,  Elec.  Supt,  American  Steel  &  Wire  Co., 

Central  Furnaces,  Cleveland,  O.    Res.,  1.S07  Rowley  Ave.     Oct. 

1,  1910. 
HOLCOMB,  A.  B.,  Elect  Supt,  Standard  Tin  Plate  Co.,  Canonsburg, 

Penna.    Res.,  511  McNair  Ave.,  Wilkinsburg,  Pa.    Sept  18,  1916. 
HUEY,  RAY  S.,  Supt.  Duluth  Plant,  Universal  Portland  Cement  Co., 

New  Duluth,  Minn.     Res.,  1428    Jefferson    St,    Duluth,    Minn. 

June  13,  1914. 

HUMPTON,  L.  R.,  Chf.  Elec,  Parkesburg  Iron  Co.,  Parkesburg,  Pa. 
Dec.  16,  1916. 
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HUSSEY,  ROWLAND  M.,  Asst.  Supt.  Elec.  Dept.,  Aliquippa  Works, 

Jones  &  Laaighlin  Steel  Co.,  Woodlawn,  Pa.    Box  1213.    March 

17,  1917. 
JACKSON,  WM.,  Chf.  Elect'n.,  Carnegie  Steel  Co.,  Rankin,  Pa.    Res., 

1210  Margaret  St.,  M-unhall,  Pa.    Aug.  2,  1912. 
JEFFERIES,  ERNEST  S.,  Elect.  Engr.,  Steel  Co.  of  Canada,  Hamil- 
ton, Ont.    Res.,  96  Herkimer  St.    July  17,  1914. 
JONES,  NOBLE,  Master  Mech.,  Sharon  Steel  Hoop  Co.,  Sharon,  Pa. 

Res.,  17  Baldwin  Ave.    Oct.  1,  1908. 
JONES,  0.  R.,  Chf.  Electrician,  Youngstown  Iron  &  Steel  Co.,  Youngs- 
town,  0.    Res.,  914  Belmont  Ave.    April  26,  1907. 
KAFER,  CHAS  A.,  Elect.  Supt.,  Bethlehem  Steel  Co.,  Saucon  Plant, 

South   Bethkhem,  Pa.     Res.,  310    7th    Ave.,    Bethlehem,    Pa. 

June  1,  1908. 
KELLY,  JOHN  F.,  Genl.  Foreman,  Electrical  Dept.  National  Tube  Co., 

McKeesport,  Pa.    Res.,  715  Fawcett  St.    May  1,  1915. 
KENNEDY,  P.  C,  Asst.  Elect.  Supt.,  Edgewater  Steel  Co.,  Oakmorit, 

Pa.    Res.,  409  Woodlawn  Road.    March  17,  1917. 
KENNEDY,  WALTER  C,  Chf.  Engr.,  Standard  Seamless  Tube  Co., 

Ambridge,  Pa.     Res.,  1325  3rd  Ave.,  New  Brighton,  Pa.    June 

14,  1912. 
KENNEY,  JOHN  S.,  Chf.  Elec,  Wheeling  Steel  &  Iron  Co.,  York- 

ville,  0.    Res.,  Tiltonville,  0.    March  17,  1917. 
KING,  WM.  J.,  Chf.  Elec,  Coatesville  Boiler  Works,  Coatesville,  Pa. 

Res.,  243  Harmony  St.,  Coatesville,  Pa.    March  17,  1917. 
KITTREDGE,  FRANK  H.,  Chf.  Elect'n.,  Illinois  Steel  Co.,  Collins  and 

Francis  Sts.,  Joliet,  111.    Res.,  307  Richards  St.    Apr.  26,  1907. 
KNAPP,  DAVID  R.,  Elec  Engr.,  Eastern  Steel  Co.,  Pottsville,  Pa. 

Res.,  724  Center  St.    Oct.  1,  1910. 

LANKTON,  CLARK  S.,  Asst.  Supt.,  Elect.  Dept.,  Midvale  Steel  & 

Ordnance  Co.,  Worth  Bros.  Plant,  Coatesville,  Pa.     Res.,  1236 

E.  Main  St.,  Coatesville,  Pa.    June  1,  1909. 
LAUGHLIN,  H.  HUGHART,  Elect.  EngV.,  Jones  &  Laughlin  Steel  Co., 

2709  Carson  St.,  Pittsburgh,  Pa.     Res.,  Woodland  Road.     Oct. 

1,  1908. 
LEWIS,  H.  A.,  Elect.  Supt.,  Alan  Wood  Iron  &  Steel  Co.,  Norristown, 

Pa.     Res.,  212  Stanbridge  St.    Apr.  26,  1907. 

LINDSTROM,  J.  D.,  Supt.  Power  Equipment,  Shelby  Steel  Tube  Co., 
Ellwood  City,  Pa.     Feb.  2,  1912. 

LITTLEBOY,  T.  G.,  Electrical  Eng'r.,  Brymbo  Steel  Co.,  North  Wales, 
England.  June  1,  1909. 

LOCKIE,  JOHN  W.,  Chf.  Elect.,  Wickwire  Steel  Co.,  Buffalo,  N.  Y. 
Res.,  216  Dearborn  St.     May  20,  1916. 

MAHER,  J.  P.,  Asst.  Elec  Supt.,  Mark  Mfg.  Co.,  9224  Commercial 
Ave.,  Chicago,  111.    March  17,  1917. 

MALONEY,  JAS.,  Chf.  Elec,  Superior  Steel  Co.,  Carnegie,  Pa.    Res., 
4604  Carrol  St.,  Wilkinsburg,  Pa.     Sept.  18,  1916. 
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MANDEVILLE,  LEE  H.,  Chf.  Elec.,  Natl.  Pressed  Steel  Co.,  MassiUoiu 

O.    Res.,  1223  Lawrence  Rd.,  Canton,  O.    Jan.  20»  1917. 
MAURER,  WM.  F.,  Elec.  Cons.  Foreman,  American  Rolling  Mills  Co., 

Middletown,  O.    July  11,  1916. 
MAY,  WALTER  H.,  Chf.  Elect'n,  Cleveland  &  Pgh.  Ore  Docks,  1449 

Olivewood  Ave.,  Lakewood,  O.    Oct.  3,  1914. 
MENK,  C.  A.,  Supt.  Elect.    Dept,    Carnegie    Steel    Co.,   Homestead 

Works,  Munhall,  Pa.    Res.,  502  Eleventh  Ave.    Apr.  26,  1907. 
MILLER,  A.  E.,  Chf.  Elect.  Allegheny  Steel  Co.,  Brackenridge,  Pa. 

Res.,  Box  385.    May  20,  1916. 
MILLER,  CHARLES  E.,  Supt.  Elect.  Dept.,  Carnegie  Steel  Co.,  Clair- 

ton,  Pa.    Res.,  251  Halcomb  Ave.    Sept  25,  1911. 
MILLS,  JAMES  L.,  Elect,  and  Mech.  Eng'r.,  North  Works,  Dlinois 

Steel  Co.,  1319  Wabansia  Ave.,  Chicago,  111.    Res.,  1326  Green- 
wood Ave.,  Wilmette,  111.    Feb.  4,  1913. 
MOORE,  HOWARD  J.,  Chf.  Elect'n,  Newburg  Steel  Works,  American 

Steel  &  Wire  Co.,  Cleveland,  O.    Res.,  8815  Walker  Ave.,  Cleve- 
land, O.    June  13,  1914. 
MORGAN,  J.  A.,  Asst.  Supt.  Elec.  Dept.,  Edgar  Thomson  Works,, 

Carnegie  Steel  Co.,  Braddock,  Pa.     Res.,  432  Frazier  Street, 

Braddock,  Pa.    Feb.  7,  1914. 
MOSLEY,  H.  C,  Chf.  Elec'n,  WhiUker-Glessner  Co.,  Portsmouth,  O. 

Res.,  633  6th  st,  Portsmouth,  O.    May  2,  1914. 
MULL  ALLY,  R.  J.,  Res.,  38  Thornton  Ave.,  Youngstown,  O.    July  1, 

1912. 
McCAIN,  HARRY  B.,  Chf.  Elec,  Steel  Hooi)  Mills,  Carnegie  Steel  Co., 

McCutcheon  Mills,  N.  S..  Pittsburgh,  Pa.    Res.,  151  Teece  Ave., 

Bellevu-e,  Pa.    March  17,  1917. 

McFADYEN,  D.  W.,  Chf.  Elec'n.,  Universal  Portland  Cement  Co., 
Universal,  Pa.  Res.,  216  Bessemer  Ave.,  East  Pittsburgh,  Pa. 
Sept.  5,  1911. 

McFEATERS,  GEORGE  H.,  Chf.  Elec'n.,  Lorain  Steel  Co.,  Johnstown. 
Pa.    P.  O.  Box,  522.    Ai)ril  26,  1907. 

McILYAR,  C.  C.  Chf.  Elec'n.,  Otis  Steel  Co.,  Riverside  Plant,  West 
14th  St.,  Cleveland,  0.    Feb.  7,  1914. 

McINTOSH.  R.  L.,  Chf.  Elec'n.,  Inland  Steel  Co.  Res.,  3509  Fir  St.. 
Indiana  Harbor,  Ind.    July  11,  1912. 

NIMZ,  WILLIAM,  Chf.  Elect.,  National  Malleable  Casting  Co.,  Cleve- 
land, O.     Juno  17.  1916. 

NYE,  RALPH  I).,  Elect.  EnRr.,  United  Steel  Co.,  Canton,  O.     Feb. 

7,  1914. 

O'DONOVAN,  J.  S.,  Chf.  Elec'n.,  Spang,  Chalfant  &  Co.,  Etna,  Pa. 
Res.,  2:^7  Clifton  Ave.,  Sharpsburg,  Pa.    June  1,  1909. 

OLDHAM.  W.  H.,  Asst.  Supt.  Elect.  Dept.,  Cambria  Steel  Co.,  Johns- 
town, Pa.    Res.,  508  Cypress  St.    May  1,  1915. 

OSCHMANN,  W.  O.,  Elect.  Eng'r..  Oliver  Iron  &  Steel  Co.,  Pittsburgh. 
Pa.     Res.,  2417  Osgood  St.    March  2,  1912. 
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PARKHURST,  C.  W.,  Supt.,  Elect.  Dept.,  Cambria  Steel  Co.,  Johns- 
town, Pa.    Res.,  342  Luzerne  St.    Oct.  1,  1908. 

PATTERSON,  ROBT.  F.,  Elec.  Eng'r,  Pressed  Steel  Car  Co.,  Pitts- 
burgh, Pa.,  &  Western  Steel  Car  &  Foundry  Co.,  Chicago,  111., 
care  Pressed  Ste-l  Car  Co.,  Pittsburgh,  Pa.  Res.,  1226  Sixth 
Ave.,  Beaver  Falls,  Pa.    Fek  12,  1915. 

PENDLEBERRY,  HENRY  L.,  Chf.  Elect.,  Pittsburgh  Steel  Products 
Co.,  Monessen,  Pa.  Res.,  Lock  No.  4,  Washington  County,  Pa. 
Sept.  5,  1914. 

PENMAN,  J.  R.,  Chf.  Elec,  Reading  Iron  Co.,  Reading,  Pa.  Ke^., 
408  Windsor  St.,  Reading,  Pa.    Feb.  17,  1917. 

PETTY,  D.  M.,  Supt.  Elect.  D-ept.,  Bethlehem  Steel  Co.,  South  Bethle- 
hem, Pa.    Res.  53  Market  St.    July  1,  1911. 

PLACE,  A.  G.,  Chf.  Elec,  Youngstown  Sheet  &  Tube  Co.,  Youngs- 
town,  O.    Res.,  522  Bryson  St.    Jan.  9,  1915. 

POWERS,  JOHN  E.,  Chf.  Elect.,  American  Steel  &  Wire  Co.,  Farrell 
Works,  Farrell.  Pa.    May  20,  1916. 

PROUDFOOT,  C.  S.,  Asst.  ELsct.  Supt.,  Carnegie  Steel  Co.,  Home- 
stead Works,  Munhall,  Pa.    Res.,  624  13th  Ave.    Oct.  1,  1908. 

RANKIN,  LEWIS  R.,  Chief  Elec'n.,  Carnegie  Steel  Co.,  Farrell,  Pa. 
Res.,  59  Prindle  Ave.,  Sharon,  Pa.    June  1,  1909. 

REARDON,  W.  E.,  Chf.  Elec,  Sharon  Ste-l  Hoop  Co.,,  Sharon,  Pa. 
Res.,  4  Erie  St.     May  1,  1915. 

REED,  JOHN  C,  Elect.  Eng'r.,  Pennsylvania  Steel  Co.,  Steelton,  Pa. 
Res.,  2635  S.  Second  St.     April  26,  1907. 

REEVE,  GEO.,  Chf.  Elec,  Fart  Pitt  Malleable  Iron  Co.,  McKees  Rocks, 
Pa.    Res.,  1412  Orator  St.,  FIttsburgh,  Pa.     Feb.  17,  1917. 

REICHERT,  A.  L.,  Chf.  Elect'n.,  Upson  Nut  &  Bolt  Co.,  Bolt  &  Nut 
Dept,  Cleveland,  O.    Res.,  1912  View  Road.    Sept.  8,  1915. 

RENIERS,  JAMES  H.,  Elect.  Eng'r.,  Pittsburgh  Screw  &  Bolt  Co.. 
Preble  Ave.,  N.  S.,  Pittsburgh,  Pa.  Res.,  6477  Aurelia  St.  Aug. 
12,  1913. 

RESE,  WM.  F.,  E.  E.,  Trumbull  Steel  Co.,  Warren,  O.  R?s.,  304  N. 
Park  Ave.,  Warren,  O.     Jan.  20,  1917. 

RICHARDSON,  G.  W.,  Elect.  Supt.,  American  Bridge  Co.,  Pencoyd 
Iron  Works,  Pencoyd,  Pa.  Res.,  2559  N.  33rd  St.,  Philadelphia, 
Pa.    April  26,  1907. 

RIGGS,  JAS.  S.,  Elect.  Supt.,  Jones  &  Laughlin  Steel  Co..  Pittsburgh, 
Pa.     R:s.,  203  East  End  Ave.    Oct.  1,  1910. 

RILES,  JAMES,  Elect.  EngV.,  A.  M.  Byers  Co.,  6th  &  Bingham  Sts., 
South  Side,  Pittsburgh,  Pa.  Res.,  Ill  Rustic  Ave.,  Mt.  Oliver 
Station,  Pittsburgh,  Pa.     Dec.  26,  1912. 

ROBINSON,  MILLARD  S.,  Chf.  Elec,  American  Ste-1  &  Wire  Co.. 
Wire  Works,  Donora,  Pa.     Res.,  114  11th  St.     Oct.  3,  1914. 

ROEMER,  GEO.  R.,  Chf.  ELec,  Trumbull  Steel  Co.,  Warren,  0.  Nov. 
18,  1916. 
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ROSS,  EMMETT  W.,  Night  Foreman,  Elect.  Dept.,  Remington  Arms 

Co.,  Eddystone,  Pa.    Res.,  620  West  St,  Camden,  N.  J.    Nor. 

18, 1916. 
ROTT,  W.  C,  Engr.,  Julian  Kennedy,  1217  Bessemer  Bldg.,  Pittslmrgh, 

Pa.     March  17,  1917. 
ROWELL,  C.  D.,  Chf.  Elec'n.,  Pittsburgh  Steel  Co.,  Monessen,  Pft. 

Res.,  476  Reed  Ave.,  Monessen,  Pa.    Feb.  7,  1914. 
RUGGLES,  MORRIS  L.,  Chf.  Elect.,  American  Steel  &  Wire  Co., 

Cuyahoga  Works,  Qeveland,  O.    Res.,  4159  E.  95th.  SL,  S.  E. 

May  20,  1916. 

SCHAEFFER,  GEO.  H.,  Elec'n.,  Carpenter  Steel  Co.,  Reading,  Pft. 

Res.,  1354  Mineral  Springs  Road.    Sept.  12,  1913. 
SCULLY,  J.  D.,  Genl.  Foreman,  Electrical  Dept.,  National  Works, 

National  Tube  Co.,  McKeesport,  Pa.    Res.,  810  West  Park  Way. 

Sept.  8,  1915. 
SHEPERD,  RUSSELL  R.,  Elect  Supt.,  Mark  Mfg.  Co.,  Indiana  Har- 
bor, Ind.    Res.,  1122  E.  55th  St.    Dec.  8,  1911. 
SCHWARZNAU,  EDGAR  J.,  Chf.  Estimator,  American  Sheet  &  Tin 

Plate  Co.,  Pittsburgh,  Pa.    Res.,  Mt.  Lebanon,  Pa.    Dec.  16, 1916. 
SEAGLE,  C.  B.,  Elect.  Engr.,  Mech.  Eng.,  American  Bridge  Co.,  Am- 

bridge.  Pa.    Sept.  8,  1915. 
SHOEMAKER,  R.  S.,  Supt.  Maintenance  Dept.,  American  RoUing  Mill 

Co.,  Middletown,  O.    June  1,  1909. 
SHOVER,  B.  R.,  E.  E.,  704  Diamond  Bank  Bldg.,  Pittsburgh,  Pa.    May, 

24,  1907. 
SIMONICH,  J.  L.,  Engr.,  Test  Dept.,  Pittsburgh  Crucible  Steel  Co., 

Midland,  Pa.    March  17,  1917. 
SKELLY,  C.  B.,  Chf.  Elec,  Nswburg  Steel  Wks.,  American  Steel  & 

Wire  Co.,  Cleveland,  0.    Res.,  3517  E.  103rd  St.    Sept.  7,  1916. 

SMITH,  EDWARD  C,  Electrical   EngV.,    Harrisburg    Pipe    &    Pipe 
Bending  Co.,  Harrisburg,  Pa.    Res.,  2043  Green  St.    Oct.  1,  1909. 

SMITH,  GEO.  H.,  Chf.  Elec,  Donner  Steel  Co.,  Buffalo,  N.  Y.     Res., 
156  Folger  St.    July  25th,  1916. 

SNYDER,  W.  T.,  Supt.  Elect.  Dept.,  National  Tube  Co.,  McKeesport, 
Pa.    Res.,  1511  Centennial  St.    Oct.  1,  1909. 

SPONSEL,  J.  G.,  Acting  M.  M.  and  M.  E.,  American  Bridge  Co.,  Gary 
Plant,  Gary.  Ind.     Res.,  286  Chase  St.     Apr.  15.  1916. 

STANSFIELD,  HENRY.  Chief  Elec'n.,  National  Malleable  Castings 
Co..  Sharon,  Pa.    Res.,  n.5  South  Oakland  Ave.    Mar.  16.  1913. 

STEPHENS,  ROY  E.,  Asst.  M.  M.,  Follansbee  Bros.  Co.,  Follansbee, 
W.  Va.     Res..  Virginia  Ave.     July  10,  1915. 

STEVENS,   F.   W..  Elect.  Engr..  Brill  Car  Works,  Philadelphia,  Pa. 
Res..  2009  60th  St.,  W.    April  26,  1907. 

STURGESS.  G.  M.,  Night  Supt.,  Elect.  Dept.,  Indiana  Steel  Co.,  Gary, 
Ind.     Apr.  26,  1907. 

THOMAS,  J.  W.,  918  Commerce  Bldg.,  Erie,  Pa.    Mar.  7,  1913. 
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THOMPSON,  WM.  H.,  Elect.  Eng'r.,  132  Weldon  Ave..  Mansfield,  O. 

May  20,  1916. 
TOWNSEND,  A.  J.,  V.  P.,  Natl.  Pressed  Steel  Co.,  Massillon,  O.    Res., 

1415  Yale  Ave.,  Canton,  0.    Jan.  20,  1917. 
TSCHENTSCHER,  R.,  Genl.  Supt.,  Steel    Plant,    Keystone    Steel    & 

Wire  Co.,  Peoria,  111.    Oct.  1,  1908. 
TUCKER,  ALLEN  M.,  Chf.  Elec,  American  Bridge  Co.,  Gary,Ind. 

Res.,  221  Ellsworth  Ave.     Sept.  7,  1916. 
TYNES,  T.  E.,  Elect.,  Eng'r.,  Lackawanna  Steel  Co.,  Lackawanna,  N. 

Y.    Res.,  226  Woodward  Ave.,  Buffalo,  N.  Y.    June  1,  1909. 

WALDNER,  ADAM  J.,  Chf.  Elect.,  American  Steel  Foundry  Co.,  In- 
diana Harbor,  Ind.  Res.,  4131  Houston  Ave.,  Chicago,  111.  Oct. 
21,  1916. 

WALES,  S.  S.,  E.  E.,  Carnegie  Steel  Co.,  1073  Frick  Bldg.,  Pittsburgh, 
Pa.    Dec.  16,  1916. 

WALTON,  A.  B.,  Elect.  Supt.,  American  Ship  Building  Co.,  Lorain,  O. 
May  20,  1916. 

WATTERS,  W.  E.,  Mas.  Mech.,  National  Malleable  Casting  Co.,  Mel- 
rose Park,  111.    Res.,  410  17th  Ave.,  Maywood,  111.    Oct.  1,  1910. 

WELSH,  ROBERT  B.,  Chief  Elec'n.,  Amencan  Sheet  &  Tin  Plate  Co., 
Canal  Dover,  O.    April  1,  1912. 

WENTZ,  E.  H.,  Supt.  Elect.  Dept.,  The  National  Tube  Co.,  Lorain,  0. 
Res.,  109  Columbus  St.,  Elyria,  O.     Sept.  28,  1911. 

WILEY,  FRANK  A.,  Electrical  Supt.,  Wisconsin  Steel  Co.,  South 
Chicago,  111.    Res.,  2611  E.  74th  Place,  Chicago,  111.    June  1,  1909. 

WILSON,  A.  S.,  Elec.  Supt.,  Apollo  Steel  Co.,  Warren  Ave.,  Apollo, 
Pa.    Res.,  North  5th  St.    Aug.  8,  1913. 

WILSON,  J.  H.,  Asst.  Genl.  Supt.,  The  American  Rolling  Mill  Co., 
Middletown,  0.    Res.,  824  Stanley  Ave.    Oct.  1,  1910. 

WINSLOW,  G.  H.,  Consulting  Eng'r.,  Route  4,  R.  F.  D.  97  A.,  Chagrin 
Falls,  O.     April  26,  1915. 

WOODHULL,  FRED  H.,  Supt.  Elect.  Dept.,  Lukens  Iron  &  Steel  Co., 
Coatesville,  Pa.    Res.,  104  S.  Sixth  St.    April  26,  1907. 
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ACKARD,  CHAS.  B.,  Elect'n.,  Carnegie  Steel  Co.,  Schoen  Steel  Wheel 
Works,  McKees  Rocks,  Pa.  Res.,  726  Woodward  Ave.  April 
10,  1915. 

AHRENS,  A.  G.,  Sales  Eng'r.,  Westinghouse  Electric  &  Mfg.  Co., 
E.  Pittsburgh,  Pa.  Res.,  Amber  Club,  123  N.  Negley  Ave., 
Pittsburgh,  Pa.    Sept.  12,  1913. 

ALBRECHT,  J.  H.,  Controller  Engr.,  Westinghouse  Electric  &  Mfg. 
Co.,  East  Pittsburgh,  Pa.  Res.,  3202  Perrysville  Ave.,  Pitts- 
burgh, Pa,    Nov.  13,  1915. 
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ALEXANDER,  J.  W.,  Mgr.,  Repair  Dept,  Crescent  Electric  Co.»  Pitts- 
burgh, Pa.    Res.,  2525  Penn  Ave.    Oct.  9,  1915. 

ALLEN,  A.  H.,  Phila.  Mgr.,  Allen  Bradley  Co.,  &  Triumph  Electric 
Co.,  1121  Liberty  Bldg.,  Philadelphia,  Pa.    Feb.  17,  1917. 

ANDERSON,  A.  A.,  Mgr.  Central  Sales  Dept,  Standard  Underground 
Cable  Co.,  700  Westinghouse  Bldg.,  Pittsburgh,  Pa.  Res.,  R.  F. 
D.  No.  2,  Glenshaw,  Pa.    April  10,  1912. 

ANDRESEN,  A.  M.,  Dist.  Sales  Mgr.,  Van  Dom  Electric  Tool  Co., 
701  Empire  Bldg.,  Pittsburgh,  Pa.  Res.,  1010  Jancey  St.,  E.  E. 
Sept.  8,  1915. 

ANDREWS,  JAS.  M.,  Commercial  Eng'r.,  General  Electric  Ca.,  Sche- 
nectady, N.  Y.    Res.,  13  Stratford  Road.    Dec.  16,  1911. 

ANDREWS.  ROBERT  M.,  P.  O.  Box  353,  Parkersburg,  W.  Va.  June 
17,  1916. 

ANTHONY,  R.  B.,  Genl.  Mgr.,  The  E.  A.  Wilcox  Co.,  6330  Stony  Is- 
land Av2.,  Chicago,  111.    July  10,  1915. 

ARENBERG,  A.  L.,  Illuminating  Engr.,  Central  Electric  Co.,  820 
S.  5th  Ave.,  Chicago,  111..    Sept.  18,  1916. 

ATKINSON,  C.  N.,  Open  Hearth  Dept.,  Pittsburgh  Crucible  Steel  Co., 
Midland,  Pa.    March  17,  1917. 

BAKER,  G.  M.,  Sales  Eng'r.,  General  Electric  Co.,  1814  Oliver  Bldg., 
Pittsburgh,  Pa.     Res.,  416  Hutchinson  Ave.,  Edgewood  Pazk, 

Pittsburgh,  Pa.    Feb.  6,  1915. 
BAKER,  R.  L.,  Power  Sales  Eng'r.,  Commonwealth  Edison  Co.,  72  W. 

Adams  St.,  Chicago,  111.    April  10,  1915. 
BARNHOLDT,  H.  L.,  Designing  Eng.,  Westinghouse  Electric  &  Mfg. 

Co.,  East  Pittsburgh,  Pa.    Res.,  1229  Biltmore  Ave.,  Dormont, 

Pittsburgh,  Pa.    Oct.  3,  1912. 
BARNUM,  T.  E.,  Chf.  Engr.,  Cutler  Hammer  Mfg.  Co.,  Milwaukee, 

Wis.     Jan.  20,  1917. 
BATTEY,  WM.  A.,  Eastern  Sales  Mgr.,  Shcpard  Electric  Crane  & 

Hoist  Co..  Room  1269,  50  Church  St.,  New  York,  N.  Y.     Feb. 

17,  1917. 
BECK,  C.  A.,  Dist.  Mgr.,  Reliance  Electric  &  Engineering  Co.,  lllo 

Harrison  Bldg.,  Philadelphia,  Pa.     Res.,  52nd  &  Sampson  St. 

March  18,  1916. 
IjEDDOK,  THOS.    E.,   Sales   Engr.,  Cutler  Hammer  Mfg.   Co.,    1339 

Peopl.?'s  Gas  Bldg.,  Chicago,  111.    Res.,  851  Windsor  Ave.    Aug. 

19,  1916. 
HELL,   FRKD  G..  Sales  Engr.,  Electro  Dynamic  Co.,  Bayonne,  N.  J. 

March  17,  1917. 
BELL,  S.  S.,  Elcc,  A.  Garrison  Foundry  Co.,  Pittsburgh,  Pa.     Res., 

Oak  Station,  Pa.     Nov.  18,  1916. 
I'>ENDER,  CLAUDE  W.,  G-en.  Mgr.,  Specialty  Division,  National  Lamp 

Works,  Ncia  Park,  Cleveland,  O.    Res.,  1781  E.  68th  St.,  Cleve- 
land, O.    Feb.  3,  1912. 
BENNETT,  HERBERT  G.  R.,  Special  Engr.,  Carnegie  Steel  Co.,  Union 

Mills,  Youngstown,  0.    Res.,  366  Lexington  Ave.    Aug.  6,  1914. 
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BERCAW,  0.  M.,  Salesman,  The  Cutter  Electric  &  Mfg.  Co.,  1007  Park 
Bldg.,  Pittsburgh,  Pa.  Res.,  516  Holmes  St.,  Wilkinsburg,  Pa. 
Feb.  21,  1914. 

BERGMANN,  C.  N.,  Supt.,  The  Pittsburgh  Electrical  &  Machine  Wks, 
Barker  Place,  Pittsburgh,  Pa.  Res.,  3544  McClure  Ave.  Oct. 
9,  1915. 

BERRESFORD,  A.  W.,  V.  P.  &  Gen'l.  Mgr.,  The  Cutler-Hammer  Mfg. 
Co.,  Milwaukee,  Wis.    Res.,  201  Prospect  Ave.    Dec.  8,  1911. 

BIGGERT,  J.  P.,  Dist.  Rep.,  The  Tool  Steel  Gear  &  Pinion  Co.,  1537 
H.  W.  Oliver  Bldg.,  Pittsburgh,  Pa.  Res.,  420  Denniston  Ave. 
April  15, 1916. 

BILLINGTON,  H.  E.,  Pgh.  Mgr.,  Automatic  Elec.  Co.,  604  1st  Natl. 
Bank  Bldg.,  Pittsburgh,  Pa.  Res.,  506  Maryland  Ave.  Jam. 
20,  1917. 

BINGAY,  R.  v.,  Pres.,  Pittsburgh  Transformer  Co.,  Adams  St.  and 
Preble  Ave.,  N.  S.,  Pittsburgh,  Pa.    Dec.  8,  1911. 

BORLAND,  D.  S.,  Erecting  Engr.,  Crocker  Wheeler  Co.,  Pittsburgh  & 
Cleveland  District,  Pittsburgh,  Pa.    March  17,  1917. 

BRADLEY,  H.  L.,  Sec.  &  Genl  Mgr.,  Allen-Bradley  Co.,  495  Clinton 
St.,  Milwaukee,  Wis.     Res.,  764  Stowell  Ave.    Sept.  30,  1912. 

BRANDON,  G.  R.,  Vice  Pres.  &  Gen'l.  Mgr.,  Whiting  Foundry  Equip- 
ment Co.,  1245  Marquette  Bldg.,  Chicago,  111.    March  6,  1915. 

BRANDT,  WM.  VAN  C,  Mgr.,  Pgh.  Office,  The  Electric  Storage  Bat- 
tery Co.,  Keystone  Bldg.,  Pittsburgh,  Pa.  Res.,  447  Rosedale 
St.,  Wilkinsburg,  Pa.    Jan.  9,  1915. 

BRECK,  GEO.  D.,  Sales  Mgr.,  Babcock- Wilcox  Co.,  1110  Farmer's 
Bank  Bldg.,  Pittsburgh,  Pa.    June  5,  1915. 

BRESLOVE,  JOS.,  Sales  Eng'r.,  Allis-Chalmers  Co.,  1209  Park  Bldg., 
Pittsburgh,  Pa.    Res.,  5876  Darlington  Road.    Oct.  10,  1913. 

BRIGGS,  W.  C,  Sales  Eng'r.,  Shepard  Electric  Cran«  &  Hoist  Co.,  50 
Church  St.,  New  York,  N.  Y.  Res.,  Erie  Ave.  &  Springfield 
Road,  Elizabeth,  N.  J.    Dec.  8,  1911. 

BRITTINGHAM,  FRANK  J.,  Pgh.  Mgr.,  Cleveland  Crane  &  Engin- 
eering Co.,  First  National  Bank  Bldg.,  Pittsburgh,  Pa.  Res., 
1432  Bamsdale  St.    June  17,  1916. 

BROOKS,  L.  C,  Elect.  Eng'r.,  Industrial  Control  Dept.,  General  Elec- 
tric Co.,  Route  49,  Schenectady,  N.  Y.  Res.,  95  Ralston  Road. 
June  5,  1915. 

BROSIUS,  EDGAR  E.,  Contracting  Eng'r.,  1611  Benedum  Trees  Bldg., 
Pittsburgh,  Pa.    Res.,  5720  Forbes  St.    Dec.  8,  1911. 

BUCHANAN,  J.  R.,  Local  Engr.,  General  Elec.  Co.,  1301  Oliver  Bldg., 
Pittsburgh,  Pa.    Feb.  17,  1917. 

BUCKLEY,  SYDNEY,  Engr.,  Crane  Dept.,  Niks-Bement-Pond  Co., 
Mifflin  &  Meadow  Sts.,  Philadelphia,  Pa.    March  17,  1917. 

BURD,  FRANK  J.,  Sales  EngV.,  Cutler-Hammer  Mfg.  Co.,  Farmer's 
Bank  Bldg.,  Pittsburgh,  Pa.  Res.,  1224  Mill  St.,  Wilkinsburg, 
Pa.    March  6,  1915. 
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BURLEIGH,  ARTHUR  C,  Salemian,  Tbe  Chicago  Pneumatie  Tool  Oo^ 

10-12  Wood  St,  Pittoborgh,  Pm.    Aprfl  15,  19ie. 
BURNETT,  L.  H.,  Asst  to  Pres.,  Carnegie  Steel  Co^  1127  Camegie 

Bldg.,  Pittsbargh,  Pa.    Res.,  5809  Marlborough  Ave.    Dee.  16, 

1918. 
BURNS,  WM.  J.,  Mgr.  &  Treas.,  The  Neff-Bums  Electric  Co.,  Wheel- 
ing, W.  Va.    Res.,  1058  Market  St    Feb.  6,  1915. 
CALDWELL,  PAUL,  Sales  Eng'r.,  General  Electric  Co.,  1815  Oliver 

Bldg.,  Pgh.,  Pa.    Res.,  7819  Maderia  St.,  Pittsburgh,  Pa.    S^t 

29,  1912. 
CALIBAUGH,  J.  G.,  Gen.  Mgr.,  Calibaugh  Self  Lub.  Caiixm  Co^  1508 

Columbia  Ave.,  Philadelphia,  Pa.    Res.,    1100   Columbia   Ave. 

June  17,  1916. 
CAMERON,  ARTHUR,  Sales  Engr.,  General    Electric    Company  of 

Michigan,  Detroit,  Mich.    August  10,  1915. 
CAMERON,  W.  D.,  Sales  Agent,  General  Electric  Co.,  Monadnodc 

Bldg.,  Chicago,  HI.    Res.,  1644  Lunt  Ave.,  Rogers  Paric    Jan. 

16,  1916. 
CASTLE,  S.  N.,  Commercial  Engr.,  General  Elec.  Co.,  30  Church  St, 

New  York,  N.  Y.    Res.,  Davenport  Neck,  New  Rochdle,  N.  Y. 

Jan.  20,  1917. 
CHESROWN,  E.,  District  Eng'r.,  Westinghouse  Elect  &  Mano&ctiir- 

ing  Co.,  1804  Union  Bank  Bldg.,  Pittsburgh,  Pa.    Res.,  1401 

N.  St.  Clair  St    Dec.  8,  1911. 
CLARK,  WALTER  R.,  Mecl.  Engr.,  Bridgeport  Brass  Co.,  Bridgeport. 

Conn.    Res.,  1875  Park  Ave.    March  17,  1917. 
COAXES,  C.  B.,  Mgr.  Elect.  Dept.,  Chicago  Pneumatic  Tool  Co.,  343 

So.  Dearborn  St.,  Chicago,  HI.    Res.,  4822  Dorchester  Ave.    Sept. 

7,  1916. 
COCHRAN,  C.  H.,  Salesman,  Gen'l  Electric  Co.,  Witherspoon  Bldg.. 

Philadelphia,  Pa.    Res.,  5328  Webster  St.,  W.,  Philadelphia,  Pa. 

Oct.  3,  1914. 
COGSWELL,  WESLEY  H.,  Sales  Eng'r.,  John  A.  Crowley  Co.,  811 

Park  Bldg.,  Pittsburgh,  Pa.    Res.,  560  East  End  Ave.    December 

18,  1915. 
CONE,  C.  F.,  Salos  Agent,  General  Electric  Co.,  Oliver  Bldg.,  Pitts- 
burg, Pa.    Res.,  6463  Aurelia  St.     Feb.  24,  1914. 
('ORBFIT,  J.  O.,  Pres.  &  Treas.,  Corbett  &  DeCoursey  Co.,  705  Colum- 
bia Bank  Bldg.,  Pittsburgh,  Pa.     Res.,  2914  Espy  St.     Oct.  10, 

1913. 
COSDON,  HOUSTON,  Foreman,  Elec.  Dept..  Midvale  Steel  Co.,  Phil- 
adelphia, Pa.    Res.,  4444  Chadwick  St.    Feb.  17,  1917. 
COUCHEY.  LESTER  H.,  Illuminating  Eng'r.,  National  Carbon  Co., 

Cleveland,  O.     Res.,  1556  Cohasset  Ave.,  Lakewood,  O.     June 

5,  1915. 

CRISS,  GEO.  H.,  Salesman  Westinghouse  Electric  &  Mfg.  Co.,  1806 
Union  Bank  Bldg.,  Pittsburgh,  Pa.  Res.,  626  Warrington  Ave. 
May  1,  1915. 
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CROFOOT,  C.  M.,  So.-Western  Sales  Manager,  Crouse-Hinds  Co., 
2302  Union  Central  Bldg.,  Cincinnati,  O.  Res.,  2215  Slane  Ave.. 
Norwood,  O.     Dec.  15,  1913. 

CROSBY,  FRED  BICKFORD,  Elect.  Eng'r.,  General  Electric  Co., 
Schenectady,  N.  Y.    Res.,  650  Rugby  Rd.    Aug.  30,  1913. 

CURTIS,  JOHN  L.,  Local  Engr.,  General  Electric  Co.,  1001  Electric 
Bldg.,  Buffalo,  N.  Y.    Res.,  409  Elmwood  Ave.    Dec.  16,  1916. 

DARBY,  H.  F.  JR.,  Chicago  Dist.  Mgr.,  Cutter  Electric  &  Mfg.  Co., 
Monadnock  Bldg.,  Chicago,  111.    May  2,  1912. 

DARLING,  DANIEL  G.,  Sales  Eng'r.,  Reliance  Elect.  &  Eng.  Co.,  Ivan- 
hoe  Road,  Cleveland,  O.  Res.,  15403  Park  Grove  Ave.,  Cleve- 
land, O.     March  28,  1914. 

DAULER,  C.  S.,  District  Mgr.,  The  Electric  Controller  &  Mfg.  Co., 
2698  E.  79th  St.,  Cleveland,  O.  Res.,  1423  E.  109th  St.  Sept. 
12,  1912. 

DEAN,  WM.  T.,  District  Mgr.,  Power  and  Mining  Dept.,  General  Elec- 
tric Co.,  1025  Monadnock  Bldg.,  Chicago,  111.  Res.,  779  Green- 
wood Ave.,  Glencoe,  111.    Dec.  26,  1911. 

DeCOURSEY,  W.  L.,  Sales  Mgr.,  Economy  Fuse  &  Mfg.  Co.,  2223 
Farmers  Bank  Bldg.,  Pittsburgh,  Pa.  Res.,  216  Elm  St.,  Edge- 
wood  Park,  Pa.     Sept.  8,  1915. 

DEXTER,  JOHN  M.,  Salesman  Corliss  Carbon  Co.  General  Delivery, 
Pittsburgh,  Pa,     Nov.  7,  1914. 

DICKINSON,  EDGAR  D.,  Eng'r  Steam  Turbines,  General  Electric  Co., 
Schenectady,  N.  Y.    Res.,  Ill  Brandywine  Ave.    Aug.  9,  1912. 

DIEHL,  D.  L.,  Pres.,  Simplex  Construction  Co.,  Union  Trust  Bldg., 
Harrisburg,  Pa.     Jan.  20,  1917. 

DOLE,  ARTHUR  L.,  Salesman,  Electric  Controller  &  Mfg.  Co.,  1539 
Oliver  Bldg.,  Pittsburgh,  Pa.  Res.,  6625  Ridgeville  St.,  Pitts- 
bi'.rgh.  Pa.     Feb.  7,  1914. 

DONNAN,  DAVID  M.,  Mgr.,  The  Electrical  Engineering  &  Mfg.  Co., 
First  National  Bank  Bldg.,  Pittsburgh,  Pa.  Res.,  210  Belle- 
field  Ave.    Feb.  6,  1915. 

DOWNS,  JAS.  R.,  Mgr.  Pgh.  Office,  Burke  Electric  Co.,  739  Oliver 
Bldg.,  Pittsburgh,  Pa.  Res.,  818  First  Ave.,  Aspinwall,  Pa. 
June  5,  1915. 

DRATZ,  PAUL  A.,  Chicago  Rep.,  Whiting  Foundry  Equipment  Co., 
1245  Marquette  Bldg.,  Chicago,  111.  Res.,  Harvey,  111.  May  1, 
1915. 

DUFFEY,  A.  J.,  Sales  Agt.,  P.  &  M.  Dept..  General  Electric  Co.,  Mon- 
adnock Bldg.,  Chicago,  111.     March  17.  1917. 

DYER,  A.  C,  Dist.  Mgr.,  Electric  Controller  &  Mfg.  Co.,  1539  Oliver 
Bldg.,  Pittsburgh,  Pa.    Res.,  5704  Callowhill  St.    Nov.  21,  1916. 

EDGECOMB,  HENRY  R.,  Chf.  Engr.,  Speer  Carbon  Co.,  St.  Marys, 
Pa.    Res.,  403  Walnut  St.    Nov.  18,  1916. 

ELLIOTT,  J.  N.,  Mgr.,  The  Elliott-Thompson  Elect.  Co.,  205  St.  Clair 
Ave.,  N.  E.,  Cleveland,  O.    Res.,  1552  Wagar  Ave.    Sept.  8,  1915. 
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EMMONS,  G.  C,  Sales  En^.,  Chicago  Pneumatic  Tool  Co^  10-12  Wood 

St.,  PitUburgh,  Pa.    Nov.  18,  1916. 
ESTILL,  D.  C,  Sales  Engr.,  National  Carbon  Co.,  611  Paric  Bldg., 

Pittsburgh,  Pa.    Res.,  4607  Forbes  St.    Dec.  18,  1915. 
EUSTICE,  A.  L.,  Pres.  Economy  Fuse  A  Mfg.  Co.,  Kiniie  &  Orleans 

Sts.,  Chicago,  III.    Res.,  1152  Farwell  Ave.    Oct.  8,  1914. 
EVANS,  G.  G.,  Safety  Director  A  Claim  Agt.,  The  Brier  Hill  Sted 

Co.,  Youngstown,  0.    Res.,  Girard,  0.     March  17,  1917. 
EVANS,  WALTER  H.,  Dept  Mgr.,  Western  R.  R.,  U.  S.  Metal  A  Mfg. 

Co.,  1964  McCormick  Bldg.,  Chicago,  111.    Sept.  18,  1916. 
FARRAR,  NORMAN  P.,  Dist  Mgr.,  Shepard  Electric  Crane  A  Hoist 

Co.,  801  Bulletin  Bldg.,  Philadelphia,  Pa.  Res.,  2952  N.  12th 
St.    April  2,  1912. 

FAWCUS,  THOMAS,  President  Fawcus  Machine  Co.,  Pittsburgh,  Pa. 
Res.,  6118  Jackson  St.,  PitUburgh,  Pa.    Feb.  7,  1914. 

FELIX,  SAMUEL,  Dist  Mgr.,  Dravo-Doyle  Co.,  1984  Commercial 
Trust  Bldg.,  Philadelphia,  Pa.    June  17, 1916. 

FERNALD,  BENJ.  G.,  Sales  Mgr.,  Kerr  Turbine  Co.,  80  Chiireh  St, 
New  York  City.    Dec.  8, 1912. 

FIELD,  CHAS.,  Salesman,  United  SUtes  Graphite  Co.,  Saginaw,  Mieh., 
and  1068  Leader  News  Bldg.,  Cleveland,  O.  Res.,  1606  Cohas- 
sett  Ave.,  Lakewood,  0.    Dec.  8, 1911. 

FISH  BACK.  F.  R.,  Dist.  Mgr.,  The  Electric  Controller  A  Mfg.  Co., 
Cleveland.  0,  Res.,  2637  Exeter  Road,  Shaker  Heights,  Cleve- 
land. O.     April  4,  1912. 

KISKE.  R.  F..  Salesman.  Union  Electric  Co.,  31  Terminal  Way.  Pitts- 
burgh. Pa.  Res,.  1331  Beechview  Ave..  Beechview,  Pa.  Sept. 
30.  1912. 

KLKISCHKU,  THOS.  J,.  Salesman.  Grouse-Hinds  Co..  2302  Union 
Central  «ldg..  Cincinnati.  O.  Res..  14909  Clifton  Blvd.,  Cleve- 
land. O.     Dec,  8.  1911. 

hX^NGER.  A.  n..  Treas„  General  Dewes  &  Fittings  Co.,  817  West 
Washington  Boulevard.  Chicago.  111.  Res.,  540  North  Harvey 
Ave.,  Oak  Park.  III.    Oct.  1.  1912. 

KR.AlNK.  Dr.  K.  G..  Representative  Siemens  A  Halske,  A.  G.,  and 
Siemens  So huckertwerke.  G.m.b.H..  90  West  St..  New  York,  X. 
Y.     Res..  Wyoming.  N.  J.    Dec.  20.  1912. 

KR.\WLKY.  FRANK  D..  Salesman.  Corliss  Carbon  Co..  355  People's 
Gas  BMtr..  Chicago.  III.    Oct.  3.  1914. 

KKKKMAN.  KOUKRT  F,.  Vice  Pn^s.  and  Geni  Mgr.,  Central  States 
for  Anierioan  Conduit  Co..  14Sth  St.    &    Railroad    Ave,. 
Ch^•aJ^^  Imi.     Res.,  44oS  Oloott  Ave.    Jan.  15.  1912. 

FKFYN.  H.  J..  Trx^sident.  Heinrioh  J,    Fre\-n.    Inc..    Engineers 

INvi'Ieii  Gas.  Uldg..  Chicago.  III.     Res..  5201  Harper  Aina.    Nov. 

18.  I9lii. 

FINK,  FRANK  W.,  K.  K..  Mahoning  A  Shenangv  Rj-.  A  Light  Co- 
Youngstown.  O.    Mar.  IS.  1916. 
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GAGE,  GORDON,  Asst.  Supt.,  Elect.  Dept.,  American  Rolling:  Mill 
Co.,  Middletown,  O.  Res.,  617  Garfield  Ave.,  Middletown,  O. 
Feb.  7,  1914. 

GARDNER,  JAS.  W.,  Milwaukee,  Wis.    Jan.  15,  1912. 

GARNIER,  EDWARD  J.,  Asst.  to  Chf.  Elec'n.,  Indiana  Steel  Co.,  Gary, 

Works,  Gary,  Ind.    Res.,  767  Madison  St.    Feb.  3,  1912. 
GILES,  CHAS.,  Foreman,  Elec.  Dept.,  National  Tube  Co.,  McKeesport, 

Pa.    Res.,  820  Arlington  Ave.    March  17,  1917. 
GILLIE,  H.  C,  Asst.  Sales  Mgr.,  Cleveland  Electric  Illuminating  Co., 

Ill  Illuminating  Bldg.,  Cleveland,  O.    Dec.  18,  1915. 
GILLIS,  GEO.,  Chf.  Elec,  Blast  Fee.  Dept.,  Pgh.  Steel  Co.,  Mohessen, 

Pa.    Res.,  665  McKee  St.    June  5,  1915. 
GILPIN,  CHAS.  DAVYS,  Elect.  EngV.,  The  Wellman-Seav^r-Morgan 

Co.,  70th  and  Central  Ave.,  Cleveland,  O.     Res.,  1833  E.  81st 

St.     March  24,  1913. 
GLASGOW,  WM.  ROSS,  Asst.  Wks.  Mgr.,  American  Steel  Foundries, 

Granite  City,  111.     Res.,  4918  McPherson  Ave.,  St.  Louis,  Mo. 

Sept.  8,  1913. 
GLEDHILL,  H.  W.,  Sales  Engr.,  Shepard  Elec.  Crane  &  Hoist  Co.,  801 

Bulletin  Bldg.,  Philadelphia,  Pa.     Res.,  5642  Pine  St.    Apr.  15, 

1916. 
GLOECKNER,  R.  D.,  Sales  Mgr.,  V.  V.  Fittings  Co.,  42  E.  Congress 

St.,  Detroit,  Mich.    Oct.  3,  1914. 
GOETZ,  WERNER  W.,  Sales  Engr.,  The  Cutler-Hammer  Mfg.  Co., 

Philadelphia,  Pa.    June  17,  1916. 
GREENFIELD,  S.,  Salesman,  Western  Electric  Co.,  11th  &  York  Sts., 

Philadelphia,  Pa,     Res.,  4931  Knox  St.     Dec.  16,  1916. 
GREENLEAF,  W.  T.,  Sales  Engr.,    Allis-Chalmers    Mfg.    Co.,    1209 

Park  Bldg.,  Pittsburgh,  Pa.     Res.,  6623  Ridgeville  St.     March 

18,  1916. 
GREENWOOD,  WALTER,  Safety  Engineer,  Carnegie  Steel  Co.,  Ohio 

Works,  Waverly  Ave.,  Youngstown,  0.     Res.,  1044  Orange  St. 

Dec.  8,  1911. 
GRIGGS,  ROBERT,  Chf.  Elect.,  Consolidated   Wks.,  American  Steel 

&  Wire  Co.,  Cleveland,  O.    July  11,  1916. 

HAESELER,  W.  E.,  V.  P.  &  Elec.  Supt.,  Berks  Engineering  Co.,  Read- 
ing, Pa.    Res.,  410  Douglass  St.,  Reading,  Pa.     Feb.  17,  1917. 

HAFFNER,  FRANK  T.,  Sales  Agt.,  Pass  &  Seymour,  Inc.,  Solvay,  N. 
Y.    Res.,  Louisville,  Ky.    Oct.  3,  1914. 

HARE,  B.  T.,  Sales  Mgr.,  Rumsey  Electric  Co.,  1231  Arch  St.,  Phil- 
adelphia, Pa.    Res.,  5370  Wingohocking  Terrace.    Nov.  18,  1916. 

HARNISCHFEGER,  HENRY,  Pres.,  Pawling  &  Hamischfeger  Co., 
Milwaukee,  Wis.    Res.,  3416  Grand  Ave.    Nov.  8,  1912. 

HARRISON,  WARD,  Illuminating  Engineer,  National  Lamp  Works, 
Nela  Park,  Cleveland,  0.  Res.,  25  Page  Ave.,  E.  Cleveland,  O. 
Dec.  8,  1911. 
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HABRY,  EDWARD  W.,  E.  E.,  National  Tube  Co^  McKeeqHirt,  Pa. 

Res.,  1201  Jenny  Lind  St.    Feb.  17, 1917. 
HARVEY,  JAS.   G.,    Salesman,   Westinghouae   Lamp   Co.,   Ill    W. 

Washington  St.,  Chicago,  III.     Res.,  6009  St.  Lawvenee  Ate. 

August  10,  1915. 
HAUSEN,  RAYMOND  F.,  Partner,  Pittsburgh  Carbon  Brush  Co.,  & 

R.  F,  Hausen  &  Co.,  518  Sandusky  St.,  N.  S.,  Plttobargh,  Fa. 

Res.,  1208  Esplanade  St.,  N.  S.,  Pittsburgh,  Pa.    Feb.  6,  1915. 
HAYES,  JOHN  P.,  Foreman,  Crescent  Elec.  &  Mfg.  Co.,  Pittsburgh, 

Pa.    Res.,  121  Annabelle  St.,  Pittsburgh,  Pa.    March  17,  1917. 
HERTZ,  STANTON  S.,  Sales  Engr.,  Electrical  Engineering  h  Mfg.  Co., 

Farmers  Bank  Bldg.,  Pittsburgh,  Pa.     Res.,  1110  Center  St., 

Wilkinsburg,  Pa.    May  20,  1916. 
HEGERTY,  P.  F.,  Salesman,  Westinghouse  Electric  A  Mfg.  Co.,  1806 

Union  Bank  Bldg.,  Pittsburgh,  Pa.     Res.,  600  Hampton  Place^ 

Wilkinsburg,  Pa.    Feb.  7,  1914. 
HENCH,  L.  W.,  Power  Sales  Engr.,  M.  &  S.  Ry.  &  Light  Co.,  Yoongs- 

town,  0.    Dec.  16,  1916. 
HENDERSON,  C.  T.,  Eng'r.,  The  Cutler-Hammer  Mfg.  Co.,  P.  O.  Box, 

1564  Milwaukee,  Wis.    Res.,  635  Farwell  Ave.    Jan.  15,  1912. 
HENRICKS,  A.  G.,  Asst  General  Mgr.,  Pawling  h  Hamisdifeger  Co., 

Milwaukee,  Wis.  Res.,  332  14th  St.    Oct.  10,  1918. 
HIPPLE,  S.  R.,  Mgr.,  Simplex  Surface    Contact   Co.,   WiUiam^port, 

Pa.    Oct.  9,  1915. 
HITCHCOCK,  MORLEY  H.,  Vice  Pres.  Reliance  Electric  &  Engineer- 
ing Co.,  Cleveland,  O.    Res.,  2094  Cornell  Road.    Mar.  8,  1912. 
HOPE,  LEIGH  P.,  Salesman,  Allis  Chalmers  Mfg.  Co.,  814  Frick  Bldg.. 

Pittsburgh,  Pa.    Feb.  6,  1915. 
HOMMEL,  LUDWIG,  Pres.  Ludwig  Hommel  Co.,  947  Penn  Ave.,  Pitts- 
burgh. Pa.    Res..  606  S.  Dallas  Ave.,  E.  E.,  Pgh.    Feb.  1,  1912. 
HOPWOOD,  J.  M.,  Asst.  Genl.  Mgr.,  George  J.  Hagan  Co.,  Peoples 

Bank  Bldg.,  Pittsburgh,  Pa.    Res.,  1679  Potomac  Ave.,  Dormont, 

Pittsburgh,  Pa.    March  17,  1917. 
HORNE,  G.  R.,  Salesman,  Cutter  Electric-  Mfg.  Co.,  19th  &  Hamilton 

Ave.,  Philadelphia,  Pa.     Res.,  2902  N.  26th  St..  Philadelphia, 

Pa.     March  17,  1917. 
HORTON,  B.  D.,  Pres  and  Genl.  Mgr.,  Detroit  Fuse  &  Mfg.  Co.,  1400 

Rivard  St.,  Detroit,  Mich.    Res.,  146  Calvert  Ave.    Feb.  3,  1912. 
HOVEY,  ALFRED   F.,   Mgr.,    Construction,    Standard    Underground 

Cable  Co.,  700  Wostinj?house  Bldg.,  Pittsburgh,  Pa.    Res.,  6350 

Aur^»lia  St.    June  5,  1915. 
HUEHNER.  C.  A.,  Salesman,  Westinghouse  Elect.  &  Mfg.  Co.,  1801 

Union  Bank  Bldg.,  Pittsburgh,  Pa.     Res.,  617  Foreland  St.,  N. 

S.,  Pittslyurgh,  Pa.    May  2.  1914. 
HUFF,  ERNEST  L.,  E.  E.,  Pennsylvania  Salt  Mfg.  Co.,  Natrona  & 

Phila.  Plants,  Federal  St.,  Natrona,  Pa.     Feb.  17,  1917. 
HULL,  FLOYD  B.,  Salesman,  West.  Ele<-.  &  Mfg.  Co.,  1803   Union 

Bank  Bldg..  Pittsburgh,  Pa.     Oct.  3,  1914. 
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HUME,  JNO.  E.  N.,  Com'l  Engr.,  General  Electric  Co.,  Schenectady, 

N.  Y.    Res.,  1202  Union  St.    Oct.  3,  1914. 
HUNT,  FRED  L.,  Elect.  Engr'r.,  Carnegie  Steel  Co.,  Homestead  Wks., 

Munhall,  Pa.    Res.,  5500  Aylesboro  Ave.    Pittsburgh,  Pa.    Aug. 

26,  1912. 
HURLBUT,  F.  P.,  N.  Y.  Mgr.,  Cleveland  Crane  &  Engineering  Co., 

50  Church  St.,  New  York  City.    Res.,  320  N.  Y.  Ave.,  Brooklyn, 

N.  Y.    Jan.  15,  1912. 
INGALLS,  C.  E.,  Salesman,  Crocker- Wheeler  Co.,  Oliver  Bldg.,  Pitts- 
burgh, Pa.    Res.,  6102  Walnut  St.,  E.  E.    Mar.  18,  1916. 
IRELAND,  J.  MORRIS,  Salesman,  Westinghouse  Elec.  &  Mfg.  Co., 

1114   Swetland   Bldg.,  Cleveland,  O.     Res.,  2041    E.   96th   St., 

Suite  No.  27,  Cleveland,  O.    Nov.  7,  1914. 
IREMONGER,  R.  S.,  Sales  Engineer,  Benjamin  Electric  &  Mfg.  Co., 

114  Liberty  St.,  New  York  City.    Res.,  47  Claremont  Ave.    Nov. 

28,  1911. 
JACKSON,  W.  C,  Sales  Mgr.  &  V.  P.,  Rowan  Controller  Co.,  Inc., 

308  N.  Holliday  St.,  Baltimore,  Md.    Res.,  4208  Main  Ave.    Sept. 

9,  1916. 
JAMES,  HENRY  D.,  Div.  Engr.,  Westinghouse  Electric  &  Mfg.  Co., 

East  Pittsburgh,  Pa.     Res.,  12  Trenton  Ave.,  Swissvale,  Pa. 

Dec.  16,  1916. 
JAMES,  WM.  F.,  Salesman,  Westinghouse  Electric  &  Mfg.  Co.,  1442 

Widener  Bldg.,  Philadelphia,  Pa.    Res.,  227  East  Mt.  Pleasant 

Ave.,  Mt.  Airy,  Philadelphia,  Pa.    Dec.  8,  1911. 
JOHNSON,  S.  P.,  Chf.  Elec,  Niles-Bement-Pond  Co.,  Bemont  Works, 

21st  &  Callowhill  St.,  Philadelphia,  Pa.    March  17,  1917. 
JOHNSON,  W.  J.,  Dist.  Mgr.,  Lidgerwood  Mfg.  Co.,  1113-14  Union 

Bank  Bldg.,  Pittsburgh,  Pa.     Res.,  Jefferson  Apts.,  Louisa  St. 

May  1,  1915. 
JONES,  PAUL  W.,  Sales  Engr.,  Cutler-Hammer  Mfg.  Co.,  1239  Gur- 

dian  Bldg.    Res.,  1954  E.  73rd  St.,  Cleveland.    May  20,  1916. 
JONES,  WARNER,  Cleveland,  O.     Res.,  10018  N.  Bouhvard.     Oct. 

3,  1912. 

KAUFFMAN,  RAY,  Mgr.  Industrial  Dept.,  The  Emer  Electrical  Co., 
St.  Clair  Ave.  &  E.  2nd  St.,  Cleveland,  O.  Res.,  10011  Ostend 
Ave.     May  13,  1912. 

KACIN,  B.  G.,  Sales  Engr.,  Central  Electric  Co.,  320-326  S.  5th  Ave., 
Chicago,  111.     Sept.  18,  1916. 

KELLER,  ARTHUR,  Electrical  Eng'r.,  Pawling  &  Harnischfeger  Co., 
Milwaukee,  Wis.    Res.,  464  Marshall  St.    Dec.  8,  1911. 

KELLY,  CORNELIUS  J.,  Elec.  Foreman,  Midvale  Steel  Co.,  Philadel- 
phia, Pa.  Res.,  48  W.  Rockland  St.,  Germantown,  Pa.  Feb.  17, 
1917. 

KENNEDY,  E.  E.,  29  Harrison  St.,  Munhall,  Pa.    May  1,  1915. 

KENNEDY,  J.  O.,  Gen'l.  Mgr.,  The  Massillon  Electric  &  Gas  Co., 
Massillon,  O.    Res.,  1127  Wellman  St.    June  17,  1916. 
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KENNEDY,  JOS.  W.,  Enflr'r.,  care  Julian  Kennedy,  Beasemer  Bldg., 
Pittsburgh,  Pa.  Res.,  6711  Northumberland  Ave.,  Pittsburgh, 
Pa.    Aug.  25,  1918. 

KIEHL,  EUGENE  P.,  Supt.  Power  Dept.,  Atlantic  Refining  Co.,  Phil- 
adelphia, Pa.    Res.,  Oak  Lane.    Nov.  18,  1916. 

KILNER,  RALPH  H.,  Salesman,  Westinghouse  Electric  A  Mfg.  Co., 
39  S.  LaSalle  St,  Chicago,  111.  Res.  4721  Maiden  St.  Dec  8, 
1911. 

KIRKLAND,  H.  B.,  V.  P.  &  Genl.  Sales  Mgr.,  The  American  Conduit 
Mfg.  Co.,  Keystone  Bldg.,  Pittsburgh,  Pa.  Res.,  Bellefield 
Dwelling.    Nov.  13,  1915. 

KNAPP,  M.  F.,  5715  Elmer  St.,  E.  E.,  Pittsburgh,  Pa.    Oct.  8,  1914. 

KNIGHT,  CHAS.  D.,  Managing  Eng'r.,  Industrial  Control  Department, 
General  Electric  Co.,  Schenectady,  N.  Y.  Res.,  3  Lowell  Road. 
Jan.  6,  1912. 

KNOX,  E.  E.,  Manager  Bury  Compressor  Co.,  701  Ehnpire  Bldg^ 
Pittsburgh,  Pa.     Feb.  17,  1917. 

KODJBANOFF,  BASIL  G.,  Mgr.,  Benjamin  Electric  Mfg.  Co.,  114 
Uberty  St.,  New  York,  N.  Y.    Nov.  23,  1911. 

KOEHLER,  A.  T.,  Sales  Engr.,  Westinghouse  Electric  A  Mfg.  Co., 
1801  Union  Bank  Bldg.,  Pittsburgh,  Pa.  Res.,  630  Lennox  Ave., 
Wilkinsburg,  Pa.    Sept  18,  1916. 

IiAVINE,  SAUL,  Sales  Agt.,  General  Electric  Co.,  Oliver  Bldg.,  Pitts- 
burgh, Pa.    Res.,  6428  Darlington  Road.    Dec.  26,  1911. 

LEIGHTON,  W.  P.,  Sales  Dept.,  The  Morgan  Engineering  Co.,  Alli- 
ance, O.    Res.,  R.  F.  D.  No.  1.    June  17,  1916. 

LEITHOLD,  HARRY  W.,  Elect.  Salesman,  Mgr.  of  Motor  Dept.,  Nov- 
elty Electric  Co.,  50  N.  4th  St.,  Philadelphia,  Pa.  Res.,  5901  Car- 
penter St.    Jan.  20,  1917. 

LEMON,  HERBERT  R.,  Lamp  Specialist,  Western  Electric  Co.,  413 
Huron  Road,  Cleveland,  O.    May  20,  1916. 

LE  NOIR,  EUGENE  T.,  Philadelphia  Rep.,  Union  Electric  Mfg.  Co., 
Roller  Smith  Co.,  Monitor  Controller  Co.,  968  Drexel  Bldg., 
Philadelphia,  Pa.    Res.,  110  S  51st  St.    March  17,  1917. 

LENT,  WILMAR  F.,  Sales  Engr.,  Cutler  Hammer  Mfg.  Co.,  1201 
Chestnut  St.,  Philadelphia,  Pa.     Feb.  17,  1917. 

LEPPER,  0.  R.,  Salesman,  Western  Electric  Co.,  Box  42,  Pittsburgh, 
Pa.  Res.,  2838  Broadway  Ave.,  Dormont,  Pittsburgh,  Pa.  June 
5,  1915. 

LEWIS,  JOHN  R.,  Salesman,  Crocker- Wheeler  Co.,  2132  Oliver  Bldg., 
Pittsburgh,  Pa.    June  17,  1916. 

LINCOLN,  E.  S.,  Pres.  &  Chf.  Engr.,  E.  S.  Lincoln,  Inc.,  25  Silver 
St.,  Waterville,  Me.    Res.,  Winter  St.    June  5,  1915. 

LINDBERG,  EDW.  F.  J.,  Chicago  Mgr.,  Reliance  Electric  &  Engr.  Co., 
705  Fisher  Bldg.,  Chicago,  111.  Res.,  3435  Dearborn  St.,  Chicago, 
111.    Oct.  1,  1912. 


MEMBERSHIP:    ASSOCIATE  MEMBERS  801 

LINDSTROM,  G.,  Chf.  Engr.,  Electric  Products  Co.,  1067  E.  152nd  St., 

Cleveland,  O.    Res.,  Willoughby,  O.    May  20,  1916. 
LOUNSBERY,  GEO.  H.,  Salesman,  Western    Electric    Co.,    500    So. 

Clinton  St.,  Chicago,  111.    Res.,  Riverside,  111.    Sept.  18,  1916. 
LUDWICK,  R.  E.,  Sales  Mgr.,  Cleveland  Crane  &  Engineering  Co., 
Wickliffe,  O.    Res.,  1665  E.  73rd  St.,  Cleveland,  O.    June  13, 1912. 
LUM,  W.  O.,  V.  P.  &  Engr.,  Gould  Motor  Parts  Co.,  York,  Pa.    Aug. 

12,  1914. 
LYNDE,  C.  C,  Engineering  Editor,  "The  Blast  Furnace  &  Steel  Plant" 

and  "Steel  and  Iron."     P.  O.  Box,  468,  Pittsburgh,  Pa.     Res., 

3400  Schaffer  Place.,  Mt.  Lebanon.    Nov.  13,  1915. 
LYTLE,  JOHN  H.,  Supt.  Accessories  Dept.,  Standard   Underground 

Cable  Co.,  700  Westinghouse  Bldg.,  Pittsburgh,  Pa.     Res.,  308 

Breading  Ave.,  Ben  Avon,  Pittsburgh,  Pa.    June  5,  1915. 
MAIR,  J.  E.,  Sales  Mgr.,  The  Brunt  Tile  &  Porcelain  Co.,  403  May 

Bldg.,  Pittsburgh,  Pa.    Oct.  3,  1914. 
MAGUIRE,  THOS.,  Electric  Foreman,  Midvale  Steel  Co.,  Philadelphia, 

Pa.    Res.,  1610  Staub  St.,  Nicetown,  Pa.     Feb.  17,  1917. 
MALONEY,  C.  J.,  Sales  Engr.,  Cutler-Hammer  Mfg.  Co.,  50  Church 

St.,  New  York  City.     Res.,  23  Cambridge  St.,  E.  Orang.9,  N. 

J.    June  17,  1916. 
MARKS,  W.  M.,  Sales  Engr.,  Western  Electric  Co.,  910  River  Ave., 

N.  S.,  Pittsburgh,  Pa.     Res.,  311  Penn  Ave.,  Wilkinsburg,  Pa. 

Jan.  15,  1912. 
MARSHALL,  EDW.  C,  Sales  Eng'r.,  General  Electric  Co.,  1315  H.  W. 

Oliver  Bldg.,  Pittsburgh,  Pa.     Res.,  1139  Peermont  Ave.,  Dor- 

mont.    Mar.  18,  1916. 
MARTIGNONE,  D.,  Gen'l.  Sales   Eng'r.,   General  Electric  Co.,   1008 

Illuminating  Bldg.,  Cleveland,  O.    Res.,  1616  E.  86th  St.  Cleve- 
land, O.     Dec.  26,  1911. 
MAY,  FRANK  P.,  Asst.  Supt.,  Elec.  Dept.,  Carnegie  Steel  Co.,  Mingo 

Junction,  O.    Res.,  305  Ross  St.,  Steubenville,  O.    Feb.  6,  1915. 
MENISH,  J.  R.,  M.  E.,  Keystone  Lubricating  Co.,  21st  &  Clearfield 

St.,  Philadelphia,  Pa.    June    17,  1916. 
MERRILL,  A.  S.,  Salesman,  Chicago  Fuse  Mfg.  Co.,  1014  W.  Congress 

St.,  Chicago,  111.    Oct.  3,  1914. 

MILLER,  GREY  E.,  Engineering  Salesman,  Westinghouse  Electric  & 
Mfg.  Co.,  1801  Union  Bank  Bldg.,  Pittsburgh,  Pa.  Res.,  447 
Ella  St.,  Wilkinsburg,  Pa.    Apr.  15,  1916. 

MILLER,  H.  H.,  Salesman,  Doubleday  Hill  Elect.  Co.,  719  Liberty 
St.,  Pittsburgh,  Pa.     Feb.  17,  1917. 

MILLS,  E.  D.,  Chf.  Chemist  &  Metallurgist,  the  Joyce-Cridland  Co., 
Dayton,  O.    Home  address.  Box.  365.    July  10,  1915. 

MILLS,  GEO.  P.,  Sales  Agt.,  General  Electric  Co.,  Witherspoon  Bldg., 
Philadelphia,  Pa.    Res.,  6044  Pine  St.    Jan.  20,  1917. 

MILNER,  CHAS.,  Elect.  Foreman,  Midvale  St&ol  Co.,  Philadelphia, 
Pa.    Res.,  5920  Beechwood  St.,  Germantown,  Pa.    Feb.  17,  1917. 


802  MEMBERSHIP:    ASSOCIATE  MiEMBERS 

MINIER,  W.  C,  Dist  Mgr.,  Shepard  Elect  Crane  A  Hoist  Go^  1212 
Benedum-Trees  Bldg.,  Pittsburgh,  Pa.  Res.,  885  MiUvale  Ave., 
Pittsburgh,  Pa.    May  2,  1914. 

MONTGOMERY,  A.  G.,  Asst.  in  Dist.  Steam  Eng.  Dept,  American 
Steel  A  Wire  Co.,  Pittsburgh,  Pa.  Res.,  728  Wallace  Ave. 
Sept.  18,  1916. 

MONTGOMERY,  L.  S.,  Dist.  Sales  Mgr.  Res.,  188  BidweU  Parkway, 
Buffalo,  N.  Y.    June  6,  1913. 

MOORE,  ROBT.  H.,  Division  Mgr.,  Sales  Dept.,  West.  Elec.  &  Mfg. 
Co.,  2133  Conway  Bldg.,  Chicago,  111.  Res.,  1456  Fargo  Ave., 
Wilmette,  111.    Oct.  8,  1914. 

MORAN,  H.  C,  National  Metal  Molding  Co.,  1110  Fulton  Bldg.,  Pitts- 
burgh, Pa.    August  10,  1915. 

MOREY,  LEONARD,  Sales  Engr.,  Electric  Products  Co.,  Cleveland,  O. 
March  17,  1917. 

MORGAN,  JOHN  B.,  Chf .  Elec.  &  M.  M.,  Wm.  B.  Pollock  Co.,  Youngs- 
town,  0.    Res.,  1620  Charlotte  Ave.    May  1,  1916. 

MORRIS,  A.  F.,  Sales  Mgr.,  The  Morgan  Engineering  Co.,  Alliance, 
O.    Res.,  611  South  Union  Ave.    Jan.  15,  1912. 

MORROW,  UNN  O.,  Sales  Eng'r.,  Cutter  Elect  A  Mfg.  Co.,  19th  A 
Hamilton  Sts.,  Philadelphia,  Pa.  Res.,  4602  N.  7th  St  May  20, 
1916. 

MOTZ,  J.  F.,  Dist  Mgr.,  The  Electric  Controller  A  Mfg.  Co.,  1689 
Oliver  Bldg.,  Pittsburgh,  Pa.    Res.,  6  Buffalo  St.    Dec.  8,  1911.  . 

MUIR,  TOM  J.,  Sales  Eng'r.,  Morgan  Engineering  Co.,  Alliance  O. 
Res.,  729  Keplinger  Ave.    June  5,  1915. 

MULLHAUPT,  ALFRED,  Mgr.,  Corliss  Carbon  Co.,  Bradford,  Pa. 
Res.,  25  School  St.,  Bradford,  Pa.    Oct  3,  1914. 

MUNDO,  C.  J.,  Salesman,  General  Electric  Co.,  1314  Oliver  Bldg., 
Pittsburgh,  Pa.    Res.,  5733  Forbes  St.    Jan.  6,  1912. 

MURPHY,  EDWIN  J.,  Designing  Engr.,  General  Electric  Co.,  Sche- 
nectady, N.  Y.    Res.,  41  Ray  St,  R.  F.  D.  No.  1.    Oct  9,  1915. 

MacCUTCHEON,  A.  M.,  Designing  Engr.,  Reliance  Electric  &  Engin- 
eering Co.,  Cleveland,  O.    Res.,  61  Page  Ave.  Jan.  20,  1917. 

MacGUYER,  H.  V.,  Spec'l  RepresenUtive,  D.  &  W.  Fuse  Co.,  Provi- 
dence, R.  I.    Res.,  Laurel  Beach,  Milford,  Conn.    Oct.  3,  1914. 

MacVAUGH,  HERBERT  W.,  Pgh.  Sales  Mgr.,  The  Cutter  Electric  & 
Mfg.  Co.,  Park  Bldg.,  Pgh.  Pa.  Res.,  7914  Inglenook  Place 
Wilkinsburg,  Pa.     Dec.8,  1911. 

McAULEY,  ARTHUR  W.,  Shop  Foreman,  Edgewater  Steel  Co.,  Oak- 
mont,  Pa.     Res.,  322  Oakmont  Ave.    June  5,  1915. 

McCOMBS,  W.  A.,  Pres.,  W.  A.  McCombs  Co.,  First  National  Bank 
Bldg.,  Pittsburgh,  Pa,  Res.,  3807  California  Ave.,  N.  S.  Feb. 
19,  1916. 

McDowell,  F.  H.,  salesman,  National  Carbon  Co.,  511  Park  Bldg.. 
Pittsburgh,  Pa.  Res.,  1496  Alameda,  Lakewood,  O.  Dec.  17, 
1911. 
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McGRAIL,  M.  E.,  Sales  Rep.,  Westinghouse  Electric  &  Mfg.  Co.,  1114 

Swetland  Bldg.,  Ckveland,  O.     Res.,  2073  E.  79th  St.     Sept. 

5,  1914. 
McINTYRE,  L.  W.,  Salesman,  Keystone  Lubricating  Co.,  309  W.  Fair- 
mont Ave.,  Pittsburgh,  Pa.    March  17,  1917. 
McKEE,  F.  E.,  Asst.  to  Pres.,  Manning  Maxwell  &  Moore  Co.,  19  West 

40th  St.,  New  York  City.     Dec.  8,  1911. 
McKEE,  FRANK  W.,  Engr.,  General  Electric  Co.,  Oliver  Bldg.,  Pitts- 
burgh, Pa.    Res.,  499  East  End  Ave.,  Beaver,  Pa.    Apr.  26,  1907. 
McKELVEY,,  A.  B.  Salesman,  Westinghouse  Elect.  &  Mfg.  Co.,  1804 

Union  Bank  Bldg.,  Pittsburgh,  Pa.    Res.,  1315  Lincoln  Ave.,  E. 

E.    April  4,  1914. 
McKINLEY,  JOS.,  Mgr.  of  Power  Sales,  Duquesne  Light  Co.,  435 

Sixth  Ave.,  Pittsburgh,  Pa.     Dec.  18,  1915. 
McLAIN,  R.  H.,  Engr.,  P.  &  M.  Dept.,  Genl.  Elec.  Co.,  Schenectady, 

N.  Y.    Res.,  Ill  Wendell  Ave.    Dec.  16,  1916. 
McNEELY,  JAS.  G.,  Lighting  Specialist,  Western  Elect.  Co.,  910  River 

Ave.,  N.  S.,  Pittsburgh,  Pa.     Dec.  18,  1915. 
McQUILLEN,  J.  J.,  Pgh.   Rep.,  The  Morgan  Engineering  Co.,   1216 

Oliver  Bldg.,  Pittsburgh,  Pa.     Res.,  703  Arch  St.,  N.  S.     Dec. 

8,  1911. 
McTAMNEY,  JOHN,  Elec.  Foreman,  Midvale  Steel  Co.,  Philadelphia, 

Pa.    Res.,  3727  N.  Percy  St.,  Nicetown,  Pa.    Feb.  17,  1917. 
NOERAGER,  ARTHUR  J.,  Chf.   Elect'n.,   Braden  Copper  Co.,  Ran- 

cagura,  Chile,  S.  A.    Jan.  15,  1916. 
OETERS,  EDGAR  O.,  Mfrs.  Agt.,  Machinery  Exhibiting  Dept.,  The 

Bourse,  Phila.,  Pa.    March  17,  1917. 
OURBACKER,  S.  H.,  Salesman,  Westinghouse  Electric  &  Mfg.  Co., 

Widener   Bldg,,  Philadelphia,   Pa.     Res.,  5033   Springfield   St., 

West  Philadelphia.  Pa.    Nov.  18,  1916. 

PATERACKI,  R.  M.,  Rep.  Salesman.,  V.  V.  Fittings  Co.,  39  Cortlandt 
St.,  New  York  City.  Res.,  343  Bouquet  St.,  Pittsburgh,  Pa. 
Sept.  8,  1915. 

PAULY,  KARL  A.,  Elect.  Eng'r.,  P.  &  M.  Dept..  General  Electric  Co., 
Schenectady,  N.  Y.    Res.,  10  Parkwood  Blvd.    Jan.  15,  1912. 

PENDELTON,  D.  D.,  Dist.  Sales  Mgr.,  Wheeler  Condenser  &  Engin- 
eering Co.,  1635  H.  W.  Oliver  Bldg.,  Pittsburgh,  Pa.  Feb.  19, 
1916. 

PETTIBONE,  C.  E.,  Safety  Inspector,  Pickands,  Mather  &  Co..  202 
Western  Reserve  Bldg.,  Cleveland,  O.  Res.,  1224  Marlow  Ave., 
Lakewood,  O.    Dec.  24,  1912. 

PAYNER,  JAS.  M.,  Coml.  Engr.,  General  Electric  Co.,  Lexington  St. 
Bldg.,  Baltimore,  Md.    Res.,  3306  Wallbrook  Ave.    Dec.  16,  1916. 

PHILLIPS,  CHAS.  O.,  Elect.  Foreman,  Midvale  Steel  Co.,  Philadel- 
phia, Pa.    Res.,  5141  Germantown  Ave.    Feb.  17,  1917. 

PHILLIPS,  R.  M.,  Sales  Rep.,  Electric  Controller  &  Mfg.  Co.,  623 
Monadnock  Bldg.,  Chicago,  111.  Res.,  4720  Michigan  Boulevard. 
Sept.  18,  1916. 


8,  1911. 
BATH,  JAS.  M.,  Electrical  Foreman,  Natl.  Tube  Co.,  McKeeaport,  Pa. 

Res.,  1010  McCleary  St.    Feb.  17,  1917. 
RATHBONE,  RICHMOND  L.,  Sales  Rep.,  Westrnghouse  Electric  & 

Mfg.  Co.,  1114  Swetland  Bldg.,  Cleveland,  0.    Feb.  21,  1912. 
RAY,  J.  L.,  Sales  Mgr.,  Western  Electric  Co.    Box,  42,  PitUburgh.  Pa. 

Res.,  825  Braddocfc  Ave.    June  5,  191&. 
REI,  HARRY  D.,  Salesman,  Crouee  Hinds  Co.,  Syracuse,  N.  Y.     Res., 

89  Knox  Ave.,  Mt.  Oliver,  Pjttaburgh,  Pa.    Oct.  8,  1914. 
REYNOLDS,   BAXTER,  Dial.  Mgr.,  Burke  Electric  Co.,  Land  Title 

Bldg..  Philadeiphja,  Pa.    Sept.  7,  1916. 
RICE,  HERBERT,  Gen'l.  Sales  Mgr.,  The  Cutter  Electric  ft  Mfg.  Co., 

19th  and  Hamilton  Sts.,  Philadelphia,  Pa.    Dec.  8,  1911. 
KICHARDHGN,  HARRY  S.,  Sales  Eng'r.,  Electric  Controller  &  Mfg. 

Co.,  2fi98  E.  79th  St..  Cleveland,  O.     Res.,  3063  Edgehill  Rd., 

Cleveland  Heights,  O.    Feb.  7,  1914. 
RIGBY.  GEO.  A.,  M.  M..  New  Castle    Works,    Carnegie    Steel    Co., 

George   St.,  New    Castle.   Pa.     Res.,   307    Leasure  Ave.,   New 

Castle,  Pa.     May  2,  1914. 
RILING.  F.   E.,  Saksman,  Harvey  Hubbell,  Inc.,  4510  Chestnut  St.. 

Philadelphia,  Pa.     Feb.  17,  1917. 
RIPLEY,  C.  S.,  Mgr.,  Roller-Smith  Co.,  711  Williamson  Bldg-  Cleve- 
land. O.    Res.,  2221  Cummington  Rd.    Oct.  3,  1914. 
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ROBBINS,  C.  C,  Sec.  &  Gen'l.  Mgr.,  The  Cleveland  Crane  &  Eng. 

Co.,  Wickliffe,  O.    Feb.  7,  1914. 
ROBBINS,  WALTER,  Vice  President,  Wagner  Electric  Mfg.  Co.,  6400 

Plymouth  Ave.,  St.  Louis,  Mo.     Res.,  4376  Westminster  Place. 

Dec.  8,  1911. 
ROBERTS,  ALVIN  LEWIS,  J)esigning  Engr.,  Bethlehem  Steel  Co., 

South  Bethlehem,  Pa.    Res.,  75  Church  St.,  Bethlehem,  Pa.    Oct. 

4,  1912. 
ROE,  JULIAN,  District  Mgr.,  Crocker- Wheeler  Co.,  Old  Colony  Bldg., 

Chicago,  111.     Res.,  4712  Ellis  Ave.     Dec.  17,  1912. 
ROSE,  W.  J.,  Gen'l.  Mgr.,  Alliance  Gas  &   Power  Co.,  Alliance,  O. 

May  20,  1916. 
ROSS,  ALEXANDER  R.,  Com'l.  Engr.,  Westinghouse  Lamp  Co.,  1415 

Union  Bank  Bldg.,  Pittsburgh,  Pa.     Res.,  421  Orchard  Avenue. 

Sept.  8,  1915. 
ROWAN,  JOHN  S.,  Pres.,  Rowan  Elect.  Mfg.  Co.,  308  N.  Holliday  St.. 

Baltimore,  Md.     Oct.  21,  1916. 
RUDDIMAN,  JOHN,  Vice  Pres.,  Isley-Doubleday  &  Co.,  229  Front  St., 

New  York  City.    Res.,  Hastings  on  Hudson.    Dec.  8,  1911. 

RUMSEY,  GEO.  A.,  Secy.  &  Treas.,  Rumsey  Electric  Co.,  1231  Arch 
St.,  Philadelphia,  Pa.    Res.,  732  Vernon  Road.    Dec.  16,  1916. 

RUNNER,  W.  R.,  Genl.  Engr.  Div.,  Westinghouse  Electric  &  Manu- 
facturing Co.,  East  Pittsburgh,  Pa.  Res.,  516  Mifflin  St.,  Wil- 
kinsburg,  Pa.    Jan.  20,  1917. 

RUSH,  RALPH  M.,  Dist.  Mgr.,  Kerr  Turbine  Co.  and  The  Falk  Co.. 
2201  Oliver  Bldg.,  Pittsburgh,  Pa.  Res.,  Marlborough  Apts., 
Darraugh  St.     Sept.  10,  1913. 

RUSHMORE,  DAVID  B.,  Chief  Eng'r.  Power  &  Mining  Dept.,  General 
Electric  Co.,  Schenectady,  N.  Y.  Res.,  234  Union  St.  Dec.  8, 
1911. 

RUSSELL,  S.,  Jr.,  Dist.  Mgr.,  Crocker-Wheeler  Co.,  1315  N.  American 
Bldg.,  Philadelphia,  Pa.  Res..  242  W.  Johnson  St.,  German- 
town,  Pa.    Sept.  26,  1912. 

RUTH,  R.  H.,  Dist.  Mgr.,  Benjamin  Electric  Mfg.  Co.,  Box  807,  Pitts- 
burgh, Pa.    Res.,  Mt.  Lebanon,  Pa.     March  11,  1912. 

RUTHERFORD,  B.,  Consulting  Engr.,  200  Ninth  St..  Pittsburgh,  Pa. 
Res.,  5852  Douglas  Ave.    April  15,  1916. 

RYAN,  E.  C,  Representative,  El«ct.  Controller  &  Mfg.  Co.,  50  Church 
St.,  New  York,  N.  Y.  Res.,  Pemelton  Apt.,  B  4,  Phiald?lphia. 
Pa.    June  17,  1916. 

RYDE,  HERBERT  H.,  Chf.  Engr.'  Page  Woven  Wire  Fence  Co.,  Mon- 
essen,  Pa    Res.,  40  McKee  Ave.    May  20,  1916. 

SAGE,  HENRY  J.,  Kerr  Turbine  Co.,  Eng'r.  Dept.,  79  Milk  St.,  Bos- 
ton, Mass.     Dec.  8,  1911. 

SCHAUMBERG,  OTTO,  Electrical  Engr.  &  Salesman,  Westinghouse 
Electric  &  Mfg.  Co.,  1801  Union  Bank  Bldg..  Pittsburgh.  Pa, 
Res.,  5810  Kentucky  Ave.    Dec.  8,  1911. 
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VON  SCHLEGELL,  FREDERICK,  Dist.  M^.,  Allis  Chalmen  Co., 

2020  Peoples  Gas  Bldg.,  Chicago,  HI.    Dec  16,  1916. 
SCHULTZ,  H.  A.,  Chf.  Safety  Inspector,  American  Steel  ft  Wire  Co., 

828  Frick  Bldg.,  Pittsburgh,  Pa.     Res.,  6616  Aylesboro  Ave. 

July  25,  1913. 
SCHUSTER,  C,  Pres.  &  Genl.  Mgr.,  Pittsburgh  Electrical  A  Machine 

Works,  Pittsburgh,  Pa.     Res.,  521  Orchard  St.,  Bellevue,  Pa. 

March  17,  1917. 
SCHWARZ,  FRED  J.,  E.  E.,  General  Electric  Co.,  P.  A  M.  Engr. 

Dept.,  Schenectady,  N.  Y.    Res.,  Ballston  Spa,  N.  Y.    Jan.  20, 

1917. 
SCOTT,  WM.  M.,  Eng'r.  and  Gen'l.  Mgr.,  The  Cutter  Electric  A  Mfg. 

Co.,  19th  and  Hamilton  Sts.,  Philadelphia,  Pa.    Dec.  8,  1911. 
SCOVEL,  R.  E.,  E.  E.,  Steam  Engineering  Dept.,  American  Steel  A 

Wire  Co.,  Qeveland,  O.    Res.,  1530  E.  84th  St.    May  1,  1915. 

SEBRING,  J.  B.,  Rep.  Pgh.  Dist.,  The  Esterline  Co.,  Ward  Leonard 

Electric  Co.,  Monitor  Controller  Co.,  Baum    and    Euclid    Sta., 

Pittsburgh,  Pa.    Res.,  219  Ross  Ave.,  Wilkinsburg,  Pa.    May  2, 

1914. 
SELDOMRIDGE,  WM.  H.,  Elect.  Foreman,  Midvale  Steel  Co.,  Fhfl- 

adelphia.  Pa.    Res.,  1310  N.  Frazier  St.,  W.  PhOa.,  Pa.     Feb. 

17,  1917. 
SELIG,  ERNEST  T.,  Commercial  Eng'r.,  United  Gas  A  Elec.  Eng'r 

Corp.,  61  Broadway,  New  York.    Res.,  920  N  16th  St.,  Harris- 
burg,  Pa.    Jan  9,  1915. 
SELLERS,  STEEL  R.,  Sales  Specialist,  Western  Elec.  Co.,  Inc.,  River 

Ave.,  Pittsburgh,  Pa.    Res.,  218  Princeton  Ave.,  Bellevue,  Pgh.. 

Pa.    Jan.  20.  1917. 
SEMPLE,  F.  H.,  Sales  Engr.,  Fairbanks  Morse  Co.,  900  Wabash  Ave.. 

Chicago,  111.    Res.,  4119  Kenmore  Ave.,  Chicago,  111.    July  11, 

1914. 
SHALLING,  HENRY  W.,  Illuminating  EngV.,    Ivanhoe    Dept.,    Nela 

Park  Works,  General  Electric  Co.,  Cleveland,  O.    Res.,  84  Mar- 

loes  Ave.    March  18,  1916. 
SHEPPERD,  WM.  B.,  General  Foreman,  Elect.  Dept.,  National  Tube 

Co.,  McKeesport,  Pa.    Res.,  718  Federal  St.    Feb.  17,  1917. 
SHERMAN,  JOHN,  Repr.,  American  Conduit,    Adams    Bagnall    Co., 

800  Widener  Bldg.,  Philadelphia,  Pa.    Res.,  422  W.  Coulter  St. 

Dec.  16,  1916. 

SINGER.  FRANK  P.,  717  Western  Ave.,  Toledo,  O.    July  25,  1916. 

SINGLETON,  J.  0.,  Trav.  Repr.,  H.  &  H.  Co.  &  H.  T.  Paiste  Co.. 
Hotel  Covington,  37  &  Chestnut  St.,  Philadelphia,  Pa.  Res., 
60  Harrison  Ave.,  Braintree,  Mass.    Oct.  21,  1916. 

SKEWIS,  WM.  H.,  Draftsman,  Elec.  Dept.,  Pittsburgh  Crucible  Steel 
Co.,  Midland,  Pa.    March  17,  1917. 

SLATER,  ADAM,  Safety  Inspector,  Carnegie  Steel  Co.,  Pittsburgh, 
Pa.    Res.,  608  13th  St.,  Munhall,  Pa.    Sept.  7,  1918. 
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SLOCUM,  G.  FRANK,  Asst  Sec'y.,  Doubleday-Hill  Electric  Co.,  719- 

721  Liberty  St.,  Pitteburgh,  Pa.     Res.,  8  Brushton  Ave.     Dec. 

8,  1911. 
SMITH,  FRANK,  Asst.  Mgr.,  Otis  Elevator  Co.,  1200  Keenan  Bldg., 

Pittsburgh,  Pa.    Res.,  519  Coal  St.,  Wilkinsburg,  Pa.    April  4, 

1914. 
SOFFE,  WM.  W.,  Sales  Engr.,  Harter  Mfg.  Co.,  1132-6  W.  Austin 

Ave.,  Chicago,  111.    Res.,  4113  W.  Congress  St.    Sept.  8,  1916. 
SPELLMIRE,  W.  B.,  Sales  Mgr.,  General  Electric  Co.,  Oliver  Bldg., 

Pittsburgh,  Pa.    Res.,  University  Club.    April  30,  1912. 
STACK,  G.  E.,  E.  E.,  Industrial  Control  Engr.  Dept.,  General  Electric 

Co.,  Schenectady,  N.  Y.    Res.,  Ballston  Spa.,  R.  D.  5,  New  York 

Jan.  20,  1917. 
STAMBAUGH,  PAUL  H.,  Power  Sales  Engr.,  Mahoning  &  Shenango 

Ry.  &  Lt.  Co.,  Youngstown,  O.    Res.,  Box  58.    March  18,  1916. 
STANDING,  ALFRED  J.,  Asst.  Supt.  o  f  Elect.  Dept.,  Bethlehem  Steei 

Co.,  So.  Bethlehem,  Pa.     Res.,  126  N.  7th  Ave.,  West  Bethle- 
hem, Pa.    Aug.  12,  1914. 
STARBUCK,  D.  K.,  Sales  Agt.  in  charge  Youngstown  Office,  General 

Electric  Co.,  706  Stambaugh  Bldg.,  Youngstown,  O.    Res.,  1611 

Elm.  St.   June  7, 1914. 
STARR,  ARTHUR  B.,  Power  Salesman,    Duquesne    Light    Co.,    435 

Sixth  Ave.,  Pittsburgh,  Pa.    Res.,  518  Academy  Ave.,  Sewickley, 

Pa,    Dec.  18,  1916. 
STEELE,  H.  G.,  Sec'y-  and  Treas.,  Pittsburgh  Transformer  Co.,  Preble 

Ave.   and   Adams   St.,  Pittsburgh,   Pa.     Res.,   1106  Pemberton 

St.,  N.  S.,  Pittsburgh,  Pa.    Dec.  8,  1911. 

STEELE,  W.  D.,  Vice  Pres.,  Benjamin  Electric  Mfg.  Co.,  120  S.  Sang- 
amon St.,  Chicago,  111.  Res.,  1121  Chestnut  Ave.,  Wilmette,  III. 
Dec.  8,  1911. 

STEVENS,  A.  C,  Sales  Mgr.,  Cutler  Hammer  Mfg.  Co.,  Milwaukee, 
Wis.    March  17,  1917. 

STEVENSON,  BARTON,  Mgr.  Power  Div.,  Westinghouse  Electric  & 
Manufacturing  Co.,  1804  Union  Bank  Bldg.,  Pittsburgh,  Pa. 
Res.,  5548  Darlington  Ave.     Feb.  21,  1912. 

STEVENSON,  P.  V.,  Pgh.  Res.  Mgr.,  Morse  Chain  Co.,  Westinghouse 
Bldg.,  Pgh.  Pa.     Res.,  7124  Meade  St.    Jan.  6,  1912. 

STEVENSON,  WALTER  E.,  Salesman,  Westinghouse  Electric  &  Mfg. 
Co.,  1804  Union  Bank  Bldg.,  Pittsburgh,  Pa.  Res.,  129  N.  Lin- 
den Ave.    Jan.  6,  1912. 

STEVENSON,  WM.  D.,  Rep.,  LeValley  ViUe  Carbon  Brush  Co., 
Westinghouse  Bldg.,  Pgh.,  Pa.  Res.,  7026  Thomas  Blvd.  Jan. 
6,  1912. 

STICKLE,  E.  S.,  Salesman,  Western  Electric  Co.,  Box  42,  Pittsburgh. 
Pa.    Res.,  1709  Baltimore  St.,  Beechview.    June  5,  1915. 

STICKNEY,  G.  H.,  Asst.  to  Mgr.  of  Incandescent  Lamp  Sales,  Gener- 
al Electric  Co.,  Sussex  &  4th  Sts.,  Harrison,  N.  J.  Res.,  5  Clair- 
mont  Place,  Montclair,  N.  J.    Dec.  8,  1912. 
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STOIBER,  GEO.  W.,  Salesman,  Van  Dorn  Electric  Tool  Co.,  Cleveland, 
O.    Res.,  514  E  117th  St.    Sept.  8,  1915. 

STOLTZ,  G.  E.,  Industrial  Engineer,  Westinghouse  Elec  k  Mfs.  Co.. 
General  Engineering  Division,  East  Pittsburgh,  Pa.  Res.,  514 
Trenton  Ave.,  Wilkinsburg,  Pa.    April  10,  1915. 

STONE,  D.  M.,  Salesman,  Detroit  Fuse  &  Mfg.  Co.,  1214  Hillsdale 
Ave.,  Pittsburgh,  Pa.  Res.,  Elberon  Apts.,  Friendship  it  Win- 
biddle  Aves.,  Pittsburgh,  Pa.    March  18,  1916. 

STONE,  HERBERT  W.,  JR.,  Power  Engr.,  Poole  Engr.  &  Mch.  Co., 
Woodberry,  Md.    March  17,  1917. 

STRATTON,  H.  F.,  Genl.  Mgr.  and  Chf.  Eng'r.,  Electric  Controller  & 
Mfg.  Co.,  Cleveland,  O.    April  22,  1912. 

SULLIVAN,  WM.  F.,  Assistant  Mgr.,  Crocker- Wheeler  Co.,  Old  Colony 
Bldg.,  Chicago,  111.  Res.,  4624  N.  Manchester  Ave.  June  5, 
1915. 

SWARTZ,  ALFRED  H.,  Traveling  Salesman,  Westinghouse  Electric 
&  Mfg.  Co.,  1808  Union  Bank  Bldg.,  Pittsburgh,  Pa.  Res., 
10704  Churchill  Ave.,  Cleveland,  O.    Feb.  14,  1912. 

SWARTZ,  C.  A.,  Salesman,  Ludwig-Hommel  &  Co.,  947  Penn  Ave. 
Pittsburgh,  Pa.    Res.,  909  Adelaide  St.,  E.  E.    Feb.  19,  1916. 

SWINDELL,  HARRY,  District  Mgr.,  Cleveland  Office  Holophane 
Works,  Room  219,  6528  Euclid  Ave.,  Cleveland,  O.    Oct  8,  1914. 

SYKES,  WILFRED,  General  Eng'r.,  Westinghouse  Electric  A  Mfg. 
Co.,  East  Pittsburgh,  Pa.  Res.,  5543  Raleigh  St.,  E.  E.,  Pitts- 
burgh, Pa.    Oct.  1,  1912. 

TAVEY,  R.  W.,  Lighting  Specialist,  Western  Electric  Co.,  Inc.,  Phil- 
adelphia, Pa.  Res.,  7125  Cresheim  Rd.,  Mt.  Airy,  Phila.  Jan.  20, 
1917. 

TAYLOR,  CLARENCE  L.,  Chf.  Eng'r.,  The  Morgan  Engineering  Co.. 
Alliance,  O.    Res.,  653  S.  Union  Ave.    April  25,  1911. 

THOMPSON,  ALLISON  J.,  Pres.,  Th?  Thompson  Electric  Co.,  5606 
Euclid  Ave.,  Cleveland,  O.  Res.,  2i>12  Mayfield  Road.  Dec.  8, 
1911. 

THOMPSON,  HUGH  L.,  Consulting  Eng'r.,  57  N.  Main  St..  Water- 
bury,  Conn.    Oct.  17,  1913. 

TIPPINS,  L.  H.,  Power  Salesman,  Duquesne  Light  Co.,  435  Sixth 
Ave.,  Pitlsburgh,  Pa.  Res.,  Kinj?  Edw.  Apts.,  201  Mel  wood  Ave. 
Jan.  lo,  1916. 

TORREY,  C.  E.,  Asst.  Gen.  Mpr.,  Canton  Electric  Co.,  Canton,  O. 
May  20,  1916. 

TOWNSENI),  F.  P.,  Sales  En^r.,  The  Cutler-Hammer  Mfg.  Co.,  Mil- 
waukee, Wis.    Res.,  528  Stowell  Ave.    Apr.  26,  1907. 

TREAT,  ROBERT  B.,  Direct  Curr<>nt  Eng'r.,  The  Crocker-Wheeler  Co., 
Ampere,  N.  J.  Res.,  22  Vernon  Place,  East  Orange,  N.  J.  Jan. 
6,  1912. 

TREGENZA,  A.  E.,  Gen'l.  Sales  Mgr.,  Economy  Fuse  &  Mfg.  Co.. 
Kinzie  &  Orleans  Sts.,  Chicago,  111.  Res.,  5241  Magnolia  Ave. 
Oct.  3,  1914. 
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TRESSELT,  F,  Salesman,  V.  V.  Fittings  Co.,  39  Cortlandt  St.,  New 

York,  N.  Y.    Res.,  58  Rutgers  Place,  Passaic,  N.  J.     Sept.  11, 

1912. 
TUCKER,  CHAS.  H.,  Chief  Eng'r.,  Toledo  Bridge  &  Crane  Co.,  Toledo, 

O.    Res.,  2625  Cherry  St.     Sept.  9,  1912. 
UEBELACKER,  CHAS.,  Member  of  Firm,  Ford,  Bacon  &  Davis,  115 

Broadway,  New  Yiork  City.     Res.,  267  Summitt  Ave.,  Hacken- 

sack,  N.  J.    Sept.  7,  1916. 
UPP,  EDWIN  L.,  Foreman  Elect.  Dept.,  Natl.  Tube  Co.,  Lormin,  O. 

Res.,  2141  E.  31st  St.    July  25,  1916. 
VAN  KIRK,  E.  P.,  Elect.  Eng'r.,  Westinghouse  Air  Brake  Co.,  Wil- 

merding,  Pa.     Res.,  Elizabeth,  Pa.     Sept.  5,  1914. 
WADD,  R.  J.,  Sales  Engr.,  Shepard  Electric  Crane  &  Hoist  Co.,  1212 

Benedum  Trees  Bldg.,  Pittsburgh,  Pa.  Res.,  528  McCormick  Ave. 

Jan.  20,  1917. 
WARD,  G.  B.,  Salesman,  Rumsey  Electric  Co.,  1231  Arch  St.,  Phil- 
adelphia, Pa.    Res.,  1304  Erie  St.    Nov.  18,  1916. 
WATSON,  H.  E.,  Sales  Eng'r.,  Cent.  District,  Benjamin  Electric  Mfg. 

Co.,  120  S.  Sangamon  St.,  Chicago,  111.    Res.,  1312  E.  54th  St. 

Aug.  21,  1912. 
WHITING,  M.  A.,  Elect.  Eng'r.,  Power  &  Mining  Dept.,  General  Elec- 
tric Co.,  Schenectady,  N.  Y.    Res.,  Eastern  and  Earl  Aves.    Feb. 

8,  1912. 
WIDDOWS,  R.  G.,  Dist.  Mgr.,  The  Electric  Controller  &  Mfg.  Co.,  50 

Church  St.,  New  York,  N.  Y.    Res.,  86  S.  Park  Way,  East  Or- 
ange, N.  J.    Dec.  8,  1911. 
WILEY,  BRENT,  Com'l.  Eng'r.,  Westinghouse  Electric  &  Mfg.  Co., 

East  Pittsburgh,  Pa.    Res.,  5806  Howe  St.,  Pittsburgh,  Pa.    Dec. 

26,  1911. 
WILLIAMS,  C.  H.,  Industrial  Control  Spec.,  General  Elec.  Co.,  414  S. 

Broad  St.,  Philadelphia.  Pa.    Feb.  17,  1917. 
WILLIAMS,  W.  H.,  Dist  Mgr.,  The  Electric  Controller  &  Mfg.  Co.,  58 

W.  Jackson  St.,  Chicago,  111.     Res.,  856  Leland  Ave.     Feb.  1, 

1912. 
WILSON,  J.  R.,  Sales  Mgr.,  Crocker- Wheeler  Co.,  Ampere,  N.  J.    Res., 

18  Chelsea  Place,  East  Orange,  N.  J.    Dec.  8,  1911. 

WRAY,  WILLIAM,  Mgr.  Pittsburgh  Office,  Allis  Chalmers  Co.,  1209 
Park  Bldg.,  Pittsburgh,  Pa.  Feb.  19,  1916. 

WRIGHT,  J.  DAVID.,  Elect.  Eng'r.,  Power  &  Mining  Dept.,  General 
Elect.  Co.,  Schenectady.  N.  Y.  Res.  1  Ardsley  Road,  Schenec* 
tady,  N.  Y.  July  11,  1914. 

YOUNG,  F.  C,  Industrial  Rep.,  Westinghouse  Traction  Brake  Co., 
318  Westinghouse  Bldg.,  Pittsburgh,  Pa.  Res.,  1314  Wood- 
lawn  Ave.,  Wilkinsburg,  Pa.    July  10,  1915. 

YOUNG,  R.  J.,  Mgr.  Dept.  of  Safety  and  Relief,  Illinois  Steel  Co., 
208  S.  LaSalle  St.,  South  Chicago,  111.  Res.,  1538  E.  Marquette 
Road.  March  26,  1913. 


FORGED  STEEL  WHEEL  CO.,  J.  M.  Han30n,  Pres.,  1120  Frick  BldE-, 

Pittsburgh,  Pa.    March  17, 1917. 
ILLINOIS  STEEL  CO.,  E.  J.  Buffington,  President,  208  So.  LaSalle 

St.,  Chicago,  111.    Jan.  20,  1917. 
INLAND  STEEL  CO..  A.  W.  Thompson,  Preo.,  1st  Natl.  Bank  Bldg., 

Chicago,  111.    Jan.  20,  1917. 
LA  BELLE  IRON  WORKS,  R.  C.  Kirk,  Pres.,  Steubenville,  0.    Jan. 

20,  1917. 
LACKAWANNA  STEEL  CO.,  E.  A.  S,  Clarke,  Pres.,  No.  2,  Rector 

St.,  New  York,  N.  Y.    Jan.  20,  1917. 
LORAIN  STEEL  CO.,  THE,  Daniel  Coolidse,  Prea.,  Johnstown,  Pa. 

Jan.  20,  1917. 
MIDVALE  STEEL  CO.,  THE,  A.  C.  Dinkey,  Pres.,  Philadelphia,  Pa. 

Feb.  17,  1917. 
NATIONAL  TUBE  CO.,  Wm.  B.  Schiller,  Prea.,  Frick  Bldg.,  Pitta- 
burgh,  Pa.    Jan.  20,  1917. 
PHILLIPS  SHEET  &  TIN  PLATE  CO.,  E.  T.  Weir,  Pr«8.,  Weirton, 

W.  Va.    Jan.  20,  1917. 
PITTSBURGH   STEEL   CO.,  Wallace  H.  Rowe,  Pres.,   Frick  Bldg., 

Pittsburgh,  Pa.     Jan.  20,  1917. 
REPUBLIC  IRON  &  STEEL  CO.,  Thoa.  J.  Bray,  Pres.,  Youngstwwn, 

0.    Jan.  20,  1917. 
SHARON  STEEL  HOOP  CO.,  Severn  P.  Ker,  Pres.,  Sharon,  Pa.    Jan. 

20,  1917. 
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STEEL  COMPANY  OF  CANADA,  LTD.,  THE,  Robert  Hobson,  Free., 

Hamilton,  Ont.    Jan.  20,  1917. 
TENNESSEE  COAL,  IRON,  &  R.  R.  CO.,  Geo.  Gordon  Crawford, 

Pres.,  Birmingham,  Ala.    Jan.  20,  1917. 
WISCONSIN   STEEL  CO.,   H.   F.  Perkins,  Pres.,  606   S.   Michigan 

Boulevard,  Chicago,  111.    Jan.  20,  1917. 
YOUNGSTOWN   SHEET  &  TUBE  CO.,  Jas.    A.    Campbell,    Pres., 

Youngstown,  O.    Jan.  20,  1917. 


SUMMARY 

Honorary  Members 

6 

Active   Members             .            .             . 

171 

Associate  Members 

-      349 

TOTAL       -          -          - 

526 

Firm  Members             -                 -           - 

24 

you  buy  C-H  control  you 
uiably  secure  an  assembly 
standard    tried    out   parts 
miuK  a  standard  equipment 
for  your  special  service.  Your  controller 
is  designed,  built  and  sold  by  steel  mill 
specialists.     Their  knowledge  of  stand- 
ard applications  is  at  your  command  for 
your  special  requirement. 


^  LOOK    FOR  -   -^ 


OH 


It  is  Oar  Reputation  and 
Yoar  Bond. 


THE 

CUTLER -Hammer 

MFG.  <5. 

Largest  Hanufactnrer  of  Motor 
Controlling  Apparatus 

Mais  OftiM  ud  WoAa 

MILWAUKEE,    WrS. 


BOSTON 

CLEVELAND       PHILADELPHU        ONaNNATI 
ud  SAN  FRANCISCO 


Blast  Furnace 
Hoisting  Equipment 


Single  and  Double  Skip  Hoists 

Steam  and  Electric  (Direct  or  Alter- 
nating Current )  -  Full  Automatic 
Control. 

Electric  Bell  Hoists 

Operated  automatically  by  the  main 
skip  hoist.  Bells  interlocked  elec- 
trically. Operation  of  bells  may  be 
changed  in  a  moment  for  any  desired 
sequence. 

Automatic  Coke  Breeze  Hoists 

Self  Dumping  and  Returning  With 
Push  Button  Control. 


OTIS  ELEVATOR  COMPANY 

Eleventh  Avenue  and  Twenty-sixth  St.  New  York 

Chamber  of  Commerce  Bldg.  Pittsburgh 

Offices  in  all  Principal  Cities  of  the  World 
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THE 


ELECTRIC  CONTROllEII  &  MEC.  CO 


Specialists  in 

CONTROLLERS 


Coal    Handling    Machinery 

Ore    Handling  Machinery 

Charging    Machines 

Transfer    Tables 

Electric  Hoists 

Screw    Downs 

_  ,       ._,  X   •>.    X       Mill   Tables 

Solenoids  \  9»  \         ci  «     «  i  * 

Skip  Hoists 

Limit  Stops  \^J\        Cranes 

Arc    Welders 
Electric    Brakes 
Knife    Switches 
Lifting    Magnets 
Magnetic     Switches 
FlexibPe    Couplings 
Automatic    Motor    Starters 


f^/«\  THE  ELECTRIC  CONTROLLER  &  MFG.  CO. 

IWT/  NEW  Y0RK-9O  CHURCH  ST.  CLEVELAND,  OHIO.  CHICAOO-monaonockbuc 

PITTSBURG -oil  VCR  DLOa   TORONTO -TRAOCRS  BANK  BLOC    BOtMINCaiAM-BflOWNIyUlBl  «loc 
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The  OUTPUT  of 
a    REFLECTOR 

is  in  proportion  to  the  cleanliness  of  its  reflecting  surface. 

Now  comes  the 

Human  Factor 

— ^The  natural  tendency  to  neglect  or  avoid  things 

difficult  or  dangerous. 

Even  where  cranes  can  be  used,  why  take  the  chance 
of  depending  on  them  as  the  only  means  of  access  to  high 
lamps  when  the 

THOMPSON  Safety 
Disconnecting  Hanger 

is  so  substantial — inexpensive  and  serviceable? 
No  climbing  on  ladders,  cranes  or  poles. 
No  dangling  loops  of  wire. 

The   Thompson    Electric  Co. 

5606  Euclid  Avenue,  Cleveland,  Ohio 
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Portable  Electric    Drills 
Reamers  and  Grinder*      | 

U«  muta  work  — S3H«>  lew  CMt 
than  poedmBtlc  toeU  snit  anr 
dmtindabla  Uikn  ordlnu-r  •lectrl 


llTHEVANDIIlNaEGTRiGTOOLCQ. 

CLEVELAND,  OHIO 


DONT  SCRAP 
YOUR 

Strap  Wound  Annatare 
CoiU 

We  Reinsulate  them   and   ilao 

mannf  actore  New  Annatnie 

Colls,    Field    Coila    and 

Rewind  Armatona 

The  EJliott-Thompson 
Electric  Co. 

205  St.  Clair  Avenue. 
Cleveland,  Ohio 


^  ROBT.  RAWSTHORNE- 
ENGRAVING  GOA/WANV . 


produces  disiinciive  illustrations 

and  pholo-engraving  service 

i     that  satisfies.     Our  service 

^    v^ill  profit  _you.      Write  now 

==.  304  PENN  AVE,PITTSBURGH.  PA. 


|d  •TWTiodu 


H    Uk«     hMwd    work    I 


HieUiMcDiiieioiCo. 

8R«dorSt.,    NowTork. 


TheTAPALOG 

is  «  muhi-eolor  mvlti-rvcoTd 

PYROMETER. 

W<  make  tt  ud  ilw  tha  uoM  cau- 

plete    lina    at  higb    arm)*    indkcttulB 

laphsT  Cahitnbui's  Round  Euth. 

wllson-ieuleKio. 

Bronx  Borough,         N.  Y.  Citjr. 


CHOKE  COILS  —  BUS  BAR  SUPPORTS  —      S  ft  C"   FUSES 


EXTRA  HEAVY    FOR  STEEL  MILL  SERVICE 


